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Antique Radio Restoration Guide WOOO" 


Introduction WY" 


In the years since the first edition of Antique 
Radio Restoration Guide (as Antique Radios: 
Restoration and Price Guide) was published in 
1982, many thousands of new collectors have 
entered the field. At that time about half a 
dozen books on the subject of antique radios 
were in print and only two, including this one, 
on restoration. 

Now there are dozens of books covering all 
facets of the radio collection and restoration 
field. There are price guides that track the 
changes in popularity (and therefore the price) 
of collectible receivers. Some highly desirable 
tadios have prices in the five-figure, range. 

But there is plenty of room at the entry level 
for those who just enjoy working with their bit 
of electronics history, and hundreds of thou- 
sands of common old sets are still out there to 
challenge the new collector. 

This book is intended for the person who is 
just getting started in collecting and restoring. 
It will take the new collector through the early 
steps of selecting a radio, cleaning it and ex- 
amining it, testing it, and bringing it back to a 
useful and satisfying life. 

For the investment of $100 in equipment 
and another $100 in parts and interesting low- 
priced radios, the new collector can enjoy 
many months of learning and the satisfaction 
of bringing an old set back to life! 

This book is a beginner’s book. There are 
other, more advanced books on the market, 
and many more techniques and ideas than can 
be contained in one book. As you become 


more experienced, you will want other books, 
both new and old, on servicing. 

This book also is concerned with safe servic- 
ing—handling potentially dangerous radios in 
a safe way so that neither the radio nor the 
service person are damaged. This edition has a 
whole new chapter, entitled Safety Precau- 
tions; read it carefully. 


How to Use This Book 


Before you start working on any radio, even 
before you buy one, read the first six chapters. 
Understand them thoroughly so that you can 
intelligently examine an old radio. 

Before spending money on supplies or test 
equipment, read the last chapter (Your Elec- 
tronics Shop). Don’t buy more equipment 
than you need. You already probably will have 
some of the tools. It is good to buy as the need 
arises. 

Once you get an old radio and know its 
condition, refer to the chapters on trouble- 
shooting (Chapter 7) and repair (Chapter 8) to 
fix it. Some of the other books on servicing will 
have ideas that can aid you as well. 

Once you have the radio running, you can 
fine-tune it and repair the cabinet. 

The chapter on receiver theory (Chapter 11) 
will help you understand what happens elec- 
tronically inside that set. Use it when you get 
confused in your troubleshooting. In under- 
standing how the receiver works, you nearly 


always can find out why it doesn’t work. Chap- Above all, take your time and have fun. You 


ter 11 is a chapter you will read many times. —_ are learning something new, and you are pre- 
The Appendix will guide you in identifying _ serving an important piece of history, electron- 
common tubes. ics history. 
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There are many reasons why people begin to 
collect and restore old radios. Maybe they 
were given an old set or found one in an attic, 
or they might have taken a fancy to one they 
saw at a garage sale or auction. No matter how 
an antique radio is found, its new owner will 
want to make it attractive and useable. 

It’s not difficult to improve the appearance 
of an old radio, and often it isn’t hard to make 
it work well. But to do both, collectors will 
have to do some work and use their heads. 
This book contains tips and basic technical 
information about restoring old radio sets. 
You, the collector, will have to supply the 
work and the thinking. If you are confused by 
terms in this chapter, use the Glossary in the 
back of this book or move on to the short 
course in electronics and radio function in 
Chapter 2. 

Acquiring an antique radio is a personal 
decision. You must want the set you see. Ask 
yourself questions like these when you first see 
a prospect: Would I enjoy having and using it?; 
Does it bring back memories of one I knew 
when I was younger?; Is it particularly hand- 
some or unusual?; Do I think I can fix it? 

For information on what various sets are 
worth, in general and in particular, there are a 
number of price guides available (among them 
Guide to Old Radios: Pointers, Pictures and 
Prices by David and Betty Johnson, Wallace- 
Homestead, 1989). Any price guide is only 
approximate. The most important question is 
What is it worth to me? 

One warning is in order here. Watch out! 
Collecting and fixing radios can be habit- 


forming, as the author of this book so well 
knows. 


Determining Age 


This section is only a rough guide on deter- 
mining age. 

Primitive radios. The earliest sets (circa 
1920 to 1922) were often homemade, using 
only one or two tubes or no tubes at all. No 
attempt was made to make them pretty. They 
have historical value to the advanced collector 
but are not much fun for the beginner. Of 
course, if someone gives you one, don’t throw 
it away! 

Classical radios. Manufactured from about 
1922 to 1928, classical radios were the first of 
the home entertainment receivers. Frequently 
they have many dials and are almost always 
battery powered. They use tube types like 
‘OIA, 712A, and ’71A. They often have inter- 
esting cabinets. These radios are quite rare and 
may be expensive. Since they are battery pow- 
ered and the correct batteries no longer are 
made or are hard to find, they will usually 
need to have power supplies built for them. 

Mass-market sets. These were made from 
about 1929 through 1946. During this period 
there was a nearly complete changeover to 
superheterodyne receivers and AC_ power 
sources. Their electronics were sometimes 
complex. The only battery sets produced were 
portables and farm radios. Sets made during 
this era often have wooden cabinets, many of 
which are very fancy, but plastic cabinets also 
came into extensive use during this period. 


4 EXTRAS... 


it 
gut if EXTRA ¢ez!/ 
qe soll that 


EXQUISITE COLORS TO 
MATCH ANY COLOR SCHEME 
IN THE HOME OR OFFICE! 


Wlustrated are two of the new exciting line of 
1946 FADA Table Models. Beautifully designed 
in 5 scintillating colors, these FADA radio receivers 
that make your customers 
anxious to buy more than one. 


“ 


provide those “extras 


FADA extra sales mean extra profits! 


FADA 6 tube models are 
equipped with the new 
FADA ‘’Sensive-Tone’’ 
. . assuring greater sen- 
sitivity and clearer re- 
ception. 


652 SERIES 


6 Tube A.C.-D.C. Superheterodynes with the 
R.F. Noise Reducing Stage with Slide Rule Dial 
in Gemlike “FADA-LUCENT” Cabinets. 

6 tube radio with 8 tube performance. Features 
include the mew Lock in type tubes; Beam Power 
Ovtput System; New Wonder Speaker ALNICO V; 
Automatic Volume Control and FADA-SCOPE built-in 
LOOP ANTENNA, Housed in beautiful 'FADA- 
LUCENT’’ Cabinets in Five Gorgeous COLOR COM- 
BINATIONS resembling precious stones. 


1000 SERIES YOU CAN ALWAYS DEPEND ON 


6 Tube A.C.-D.C. Superheterodynes ... In 
Gemlike “FADA-LUCENT” Cabinets with the 
New Gemloid Illuminated Dial and Noise Re- 


ducing R.F. Stage. 
8 tube performance with 6 full working tubes; 
FADA-SCOPE built-in loop ANTENNA; Beam Power 
Output System; Automatic Volume Control; New 
Wonder Speoker ALNICO V. Housed in beautiful | 
**FADA-LUCENT’’ Cabinets in Five Gorgeous COLOR 
COMBINATIONS resembling precious stones. e 


Famous Sctuce Groadcasting Gegar! 
FADA RADIO AND ELECTRIC COMPANY, INC., LONG ISLAND CITY, N.Y. 


Fada 1946 models 1000 and 652. These Catalin sets are electronically conventional (six-tube AC/DC) but are 
today highly collectible and expensive. This ad is from Radio News, May 1946. 
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Capehart 1953 model TC101 gray 
plastic five-tube AC/DC radio. 


Dictograph circa 1920s intercom 
desk unit. Such odd electrical 
equipment can add interest to a 
collection. 


Pilot 1947 model T-601 five-tube 
AC design FM tuner, designed to 
plug into the phonograph input on 
a radio. This early high-band tuner 
came in a wooden case. 


They have become collectible in their own 
right, and some of them are very expensive. 
These radios are fun to collect and use and 
often can be bought for a reasonable price. 

Postwar radios. These sets, made from 
about 1947 through 1960, are generating a 
good deal of interest. Plastic cabinets prevail, 
and the wooden ones are undistinguished. 
Most radios of this era are now inexpensive 
and easy to fix. They will become more col- 
lectible as time goes on. These are good radios 
with which to get acquainted as you develop 
your restoring skills. 

Solid-state sets. These radios, manufac- 
tured from about 1961 to the present, use 
transistors and integrated circuits rather than 
tubes. They are not discussed in this book. 
They are becoming collectible, however, espe- 
cially the unusual-looking ones. 


What Kind of Power? 


Your radio will need one of three types of 
power, depending sometimes on the set’s age. 
The first type is battery power, which was used 
in older radios. These radios can be identified 
by a bundle of wires emerging to join a multi- 
ple-connection plug or metal lugs. While 
these sets are rather simple, they often require 
battery designs that are no longer available. A 
power pack must be built for these sets in order 
to run them from a household AC line. For 
this reason, they aren’t the best sets for begin- 
ners. 

Other battery radios are the traditional por- 
tables, usually identified by their luggage-type 
cases. Many of these will operate on AC power 
as well. 

The second type, the AC set, is probably the 
one with which you will want to start. When 
these sets are fixed, they are very usable. They 
can be identified by the line cord and plug, of 
course, and are usually quite heavy because 
they have a power transformer and chokes in 
the power supply. They have their own special 
problems for restorers but are still the best start- 
ing place for beginners. 

The third type is a special kind of AC set, 
the AC/DC receiver. This set has a line cord 
and plug but is usually much lighter in weight 
because it has no power transformer. These 
less-expensive sets frequently have plastic cabi- 
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nets. They are very satisfactory to use. They 
can be easy to work on but are, under certain 
conditions, highly dangerous. Never test one 
outside its cabinet without reading Problems of 
AC/DC Receivers in Chapter 7. 


Determining Condition 


You cannot thoroughly examine a radio until 
you get it home, but before you buy you can 
estimate its condition. Some problem signs 
will affect your decision to buy and the price 
you'll pay. 


Disasters 


Cabinet in poor condition with large pieces 
of veneer or wood missing. There may be 
water damage to the veneer, and the wooden 
speaker grille may be broken with pieces miss- 
ing. Small veneer problems can be solved, and 
some separation of veneer into layers can be 
repaired with glue. Likewise, broken grilles 
with the wooden pieces still on hand can be 
glued. You can do a lot with a cabinet, but not 
everything. Broken plastic cabinets fit into the 
same class. Don’t bother with them unless you 
need the parts. 

Radio chassis burned and blackened. Ei- 
ther the power supply has burned up or the set 
has been hit by lightning. The damage is usu- 
ally too severe to repair. 

Radio chassis badly rusted. Along with cab- 
inet water damage, this usually indicates that 
the set has been in water. Probably too many 
parts have been ruined to try fixing this set. 


Possible Disasters 


Extreme mouse damage. Many of the vis- 
ible wires have been chewed, and it may look 
as if mice actually have been nesting in the 
radio. Some mouse damage can be fixed, but 
too much of it makes the set not worth the 
trouble. | once picked up a set from a farmer 
and, upon looking into the back, saw two 
small eyes looking at me. I shook the set a few 
times and left it outside for a few minutes so its 
occupant could leave. The set repaired nicely 
and works fine. 

Major parts missing. Some parts can be re- 
placed but others, built for a particular set or 
model, may be hard to find. This set requires a 
judgment call. You must decide if you want to 
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Ee IT storm and thunder! In any 
weather, at any time of the day 
or night, FM reception over the new 
Delco Console Combination is amaz- 
ingly static-free. Always, the pro- 
grams are magically clear—perfectly 
reproduced. 


There are scores of good, solid engi- 
neering reasons for the thrilling per- 
formance of the new Delco Combi- 
nation. It has 14 tubes plus rectifier, 
with three short-wave bands in addi- 
tion to AM and FM....a big 15-inch 
speaker for finer reproduction . . . a tone control 
providing 12 different bass and treble combina- 


tions . . . and many more advanced features. 


The record player features a special lightweight 
tone arm with jeweled-point pick-up, and han- 
dles fourteen 10-inch or ten 12-inch records. It 
rides smoothly in and out on a ball-bearing roller 
mechanism, and shuts off automatically after 
the last record plays. 


Net f OFORS fp 


pELCo RADIO 


PUSH-BUTTON TUNING FOR FM, TOO! The new Delco Console 
Combination provides push-button tuning for both AM and FM. 


with he 


Cd 


Exquisite workmanship and unusual distinction 
of design mark the 18th-century cabinets. Two 
models are available: R-1251 in walnut, and 
R-1252 in mahogany—both masterpieces of 
fine furniture. 


To see and hear the best of all that’s new in 
radio, ask your United Motors Service distributor 
to demonstrate the new Delco Combination and 
other popular Delco radio models. 


DELCO RADIO 


A GENERAL MOTORS PRODUCT 


Delco radios are distributed nationally by 
United Motors Service. See your United 
Motors distributor about the Delco radio line. 


Delco 1947 FM/AM console advertisement in Radio News, June 1947. 
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She DOWN SP VYUNCEODS 
atin walnut finish 


accented by an edge-lighted dial gives this new Air King radio-phonograph a beauty of appearance equalled 
only by the purity and naturalness of its tone. Styled with simple dignity, it fits naturally into any decorative 
scheme. Engineered by Air King, it wins the enthusiasm of the critical musician. And, produced by Air 
King, its quality demands no penalty of price. 


oor es lhal make lhe es Geren a superlative enstrument nhl 


Six tube (including rectifier) superheterodyne for standard broadcast. Two dual-purpose tubes give eight-tube 
reception. AC or DC. Automatic changer for ten- or twelve-inch records. Permanent Alnico No. 5 magnet speaker. 
Featherweight, low-pressure tone arm. Permanent needle. Crystal pick-up. Automatic volume control. Full range 
tone control. Beam power output. Built-in loop aerial. 


Za Foyalty of Radio Sorte 1920 


ATh KING 


RADIO 
Brooklyn 


Division of 


HYTRON RADIO & ELECTRONICS CORPORATION 


; ip Koyul dy of Rodeo 


THE Regent THE Crown Doince THE Duchess THE Marquis THE Baron tHE Baronet THE Royal Highlander 


— 
<i g 


Air King Company 1947 advertisement from Radio News, December 1946. 
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General Electric 1941 model L-660 six-tube AC/DC radio 
with push-button tuning and interesting auto dashboard 
styling in heavy chrome and wooden cabinet. 


go to the effort of finding the parts. Many parts 
are, of course, replaceable without too much 
trouble. 

Broken coils and castings. Coils and cast- 
ings hold parts in place and can give real 
difficulty if broken. Again, use judgment. If 
you can imagine how to fix a part, you proba- 
bly can do it. 


Fixable 


Missing tubes. Be sure you know what tubes 
are missing. Numbers and letters identifying 
the tubes may be stamped on the tube sockets 
or next to them. There may be a paper in the 
cabinet showing the tube layout. Most tubes 
can be replaced, although they may be expen- 
sive. The older types usually cost more. If all 
the tubes are gone, you probably will spend 
more than you want to. 

Rubber insulation flaking from wires. 
Wires can be replaced, as long as you know 
where they go and where they came from. 

Grille cloth missing or torn. Torn cloth 
may be mended if it is not rotten. Replace- 
ment cloth can be installed easily. 

Loudspeaker cone missing or torn. It may 


Crosley 1938 model 587 six-volt DC and 110- 
volt AC five-tube upright wooden radio. Be- 
cause the dial is marked in kilocycles and me- 
ters, it looks like a two-band radio but has only 
regular broadcast band. It has the beautiful, 
gold-mirrored Crosley “Fiver” dial. 


be possible to repair if the damage is not too 
great. Speakers can be professionally reconed, 
also. Speaker replacement is not too difficult. 

Knobs missing. If one knob is on hand, 
satisfactory replacements may be matched or 
molded. Several sources sell reproductions of 
knobs and pushbuttons. You may be able to 
substitute different but similar knobs. 

Paint chipped or scratched on a plastic ra- 
dio. You may be able to refinish the radio or 
get it rehnished. Check with your favorite auto 
body shop. If you have a spray gun, you may 
be able to do it yourself. 

Although this list will help you make an 
educated guess about the radio you are consid- 
ering, there may be invisible problems that 
only careful examination and testing will re- 
veal. You can tell much from a radio’s appear- 
ance, however. 

By the way, when buying at auction, don’t 
put too much faith in the descriptions of the 
auctioneer, who may know very little about a 
set’s condition. 
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Delco 1947 model R1231A brown 
Bakelite five-tube AC/DC radio 


from General Motors’ electronics 
division. 


VI 


, 


Interstate Radio Company circa 
1920s five-tube Neutradyne bat- 
tery radio. The front panel is ma- 
roon with black swirls. 


Philco 1942 model 42-PT95 five- 
tube AC/DC radio in wooden cabi- 
net with plastic front. Knobs are 


1948 Philco. 
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RCA 1939 model 45X1 five-tube 
AC/DC radio. This is a very small 
brown Bakelite model. 


Crosley 1951 model 11-100U five- 
tube AC/DC Coloradio with 
streamlined styling. This radio was 
available in five different colors. 


Philco 1955 model C-584 five-tube 
AC/DC radio in maroon plastic 
with light gray plastic grille. 


11 


aii 


— 
55 60.10 80 100 120 


Salt and pepper and cookie jar cop- 
ies of an RCA table radio in tur- 
quoise and black. All kinds of radio 


collectibles are available. 


CXXXXA 
WV 


XK 
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Howard 1946 model 906 six-tube 
AC wooden table radio with black 
plastic front plate. 


RCA 1963 model 3X521 five-tube 
AC/DC radio. This is about as sim- 
ple and homely as they come. 
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Determining Price 


When you have examined your prospective 
radio, make a guess of its overall condition. 
That guess, with a price guide or two, will help 
you set the price you're willing to pay. Here 
are some condition guidelines. 

Excellent. This radio is in perfect working 
condition, but it may show a bit of wear. 
Knobs, dials, and case may show a little discol- 
oring from age. This set is a rare find. It will be 
worth more than the price guide price. 

Very good. This radio can readily be put in 
working condition although it might not actu- 
ally work when bought. It may need a few 
easily replaced parts, like a tube, a few screws, 
or a power cord. There may be some minor 
cabinet wear or marking. Its appearance 1s 
good, and if the price is right, it is a good buy. 
It will price close to price guide price. 

Good. Most of the sets you find will be in 
this condition. They are either functioning or 
easily repairable. The cabinets may need refin- 
ishing. There will be some missing or broken 
parts, but they can be restored. It will probably 
be worth half to two-thirds of the price guide 
value. 


Fair. This radio does not work. It will take 
considerable effort, but it is repairable. It ex- 
hibits heavy wear and tear with many missing 
parts and, possibly, broken castings. Radios in 
this category present quite a challenge. ‘They 
sell cheaply but are not for beginners. Don't 
pay too much for one of these—no more than 
one-third of the price guide value. 

Poor. This set will be nearly impossible to 
repair since too many parts are missing, ru- 
ined, and/or damaged. The cabinet may show 
heavy damage as well. You've really got to 
want one of these sets to bother with it. Some- 
times two sets of the same model in poor 
condition will provide enough parts to make 
one workable set, but generally speaking, these 
are junk. You may want one for parts if the 
price is low enough. 

Remember this grading guide when it 
comes to pricing and buying a set. Most prices 
in guides will be for sets that are in very good 
condition. Excellent sets may command a siz- 
able premium, whereas poor radios can be had 
for very little and are, sad to say, often worth 
very little. 
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In order to do even basic radio repair, it is 
helpful to know some electronics theory. This 
chapter will provide that. If you wish to learn 
more, stop at your local library or bookstore 
and look over their books on basic electronics. 


Electron Theory 


Briefly, all matter in the universe is made of 
106 fundamental materials called elements. 
Some are common—such as oxygen, hydro- 
gen, carbon, and silicon. There are also rare 
and sometimes dangerous elements, such as 
radium. These elements in various combina- 
tions give us familiar things. For example, 
oxygen and hydrogen combine to make water. 

An atom has a central body of positive 
charge consisting of protons and neutrons. 
This nucleus is surrounded by an equal nega- 
tive charge of much smaller electrons. The 
variety of different elements are the result of 
differing numbers of protons and electrons. 

When electrons are pulled free from their 
atoms, an electric current is produced. In 
some substances, called conductors, the elec- 
trons come loose quite easily. Since the charge 
of an electron is very small, many billions of 
them must be set in motion to produce a 
measurable current. 

Electrons exist everywhere in nature, and 
loosely bound free electrons tend to be present 
in equal numbers in all places. But if a body 
has more electrons than do the bodies sur- 
rounding it, it is negatively charged. On the 
other hand, if a body lacks enough electrons to 
be neutral, it is positively charged. 


i 


If a positively charged body is brought into 
contact with a negatively charged body, elec- 
trons will flow from the negative to the positive 
until both bodies have the same number of 
free electrons and become neutral. Electrons 
are always attracted in the direction of a posi- 
tive charge. 

The charged bodies need not be brought 
into direct contact for the electrons to flow. A 
wire that acts as a conductor can connect 
them. Copper, because of its comparatively 
low price among good conductors, is used 
most frequently, but nearly all metals are fairly 
good conductors of electrons. 

Resistance. Any conductor exerts a certain 
amount of opposition to the passage of elec- 
trons. This opposition is known as resistance. 
Silver, copper, and aluminum have little re- 
sistance. Iron has considerably more, and it 
may become hot when many electrons are 
retarded in their passage through it. A thick 
wire has less resistance than a thin wire of the 
same material because it has a greater cross- 
section, that is, more area in which the elec- 
trons can move. 

Substances other than metals can have a 
very high resistance, permitting few electrons 
to pass through them. Most plastics, glass, 
tubber, and porcelain are good examples of 
common insulators. 

The unit used to measure resistance is the 
ohm. Assume we have a battery that is produc- 
ing an electron pressure of one volt. It is con- 
nected to push a current through a wire with 
one ohm of resistance. The electron flow, or 
current, through the wire will be one ampere 


(amp). Voltage, resistance, and the resultant 
current are interrelated in any circuit. In cir- 
cuits where the direction of electron flow does 
not change often (DC), the relationship is ex- 
pressed mathematically according to Ohm’s 
Law: I = E/R. The symbol I stands for the 
current in amps, E for the voltage in volts, and 
R for the resistance in ohms. 

Sources of electron flow. Two practical 
ways of producing substantial electron pressure 
or voltage exist: chemical generation and mag- 
netic generation. Chemical generation is pos- 
sible because certain substances in reaction to 
other substances produce either a shortage or 
an excess of electrons among them. The most 
common generators of this sort are batteries of 
the rechargeable, or single-service, type. The 
current produced by this device always moves 
in one direction, and its pressure, or voltage, 
depends on the substances of which it is made. 

Magnetic generation is the principal sort 
used commercially. A wire in a moving mag- 
netic field will have an electron pressure pro- 
duced between its ends and can thus provide a 
current flow. This is the principle behind all 
generators. Generators can be designed to pro- 
duce almost any voltage of either one-way 
(direct) current or alternating current. 

Electric currents. These may flow in one 
direction only or change direction regularly. 
Single-direction flow is called direct current 
(DC), whereas a current that changes at regu- 
lar intervals is called alternating current (AC). 
The change from one direction to another in 
AC does not happen instantaneously. Instead 
the flow will be wavelike, gradually increasing 
in intensity in one direction, then decreasing 
gradually to an absence of electron movement, 
followed by a reversal of current flow to a max- 
imum and another decrease of current flow, 
and so on. The complete change from start to 
maximum and back is called one cycle, or 
hertz (Hz). 

Fig. 2-1 will help you visualize this. The 
height of the curve shows voltage and rate of 
change through a complete positive and nega- 
tive loop, or cycle. The frequency in U.S. 
power systems is generally 60 cycles per second 
at a voltage of about 115 volts. Audio frequen- 
cies vary from 20 to 20,000 cycles per second. 
Radio frequencies show rates of change from 
many thousands to many millions per second. 

Magnetism. Another force important to ra- 
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dios and electrical devices is magnetism. 
Transformers, motors and generators, loud- 
speakers, and other radio parts use magnetism. 
Like electricity, magnetism cannot be seen or 
felt, but its effects can be detected, measured, 
and used. 

A magnet can attract iron or steel objects 
because it produces a force field. ‘The magnet 
has two poles of opposite force, or polarity. Ifa 
magnet is brought close to a piece of iron, its 
force field produces an opposite field in the 
nearest end of the iron. The two oppositely 
magnetized poles attract. 

In the same way, when two magnets are 
brought together, the oppositely magnetized 
poles will attract each other, whereas the simi- 
larly charged poles will repel each other. Fig. 
2-2 shows how this force field is visualized. 
The lines do not actually exist, but they show 
the force and its direction. 

An important property of the magnetic force 
field coming from a magnet’s pole is that it 
decreases proportionately with the square of 
the distance from that pole. The strength of a 
field at two inches from a pole will be one- 
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FIG. 2-2 Magnetic field surrounding bar magnet. 
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fourth the strength at one inch. The field is 
strongest at the pole. 

Magnetism can be produced by the flow of 
an electric current through a conductor. This 
is just the opposite of what happens in a gener- 
ator, where the moving magnetic field pro- 
duces an electric current. Every wire that car- 
ries a current has a magnetic field around it 
proportional to current strength and distance 
from the wire. By winding wire to form a coil, 
a much stronger magnetic field can be pro- 
duced, since the field of each individual turn 
will add to the next and produce a stronger 
field, as can be seen in Fig. 2—3. That coil has 
a field much like the magnet in Fig. 2-2. 

As we saw before, the magnetic field, or 
flux, is thought of as imaginary lines of force 
from one end of the coil or magnet to the 
other. Total magnetic flux depends on the 
number of turns of wire and on the strength of 
the current. If the current is high, fewer turns 
of thick wire will be required. If the current is 
weak, many turns of thin wire will be needed 
to produce the same magnetic force. 


MAGNETIC LINES OF FORCE 


ELECTRON FLOW THROUGH 
MANY TURNS OF WIRE 


FIG. 2-3 Coil with magnetic field. 


COIL FORM 


FIG. 2-4 Radio frequency transformers 
(ESE): 


The magnetic flux of a coil can be increased 
greatly if a bar of iron is placed in the center of 
the coil, since the lines of force produced will 
be concentrated in the iron. A coil with an 
iron core will act exactly like a magnet as long 
as current flows through the coil. 

Inductance and reactance. The ability of a 
coil to set up a magnetic field when current is 
flowing through it is called inductance. A coil 
with current flowing through it tends to oppose 
any increase or decrease of current flow. ‘This 
opposition force in an inductance is called 
reactance and is proportional to the induc- 
tance of the coil. Inductance is measured in 
units called henries, and reactance is mea- 
sured in ohms. The kind of reactance that 
inductances possess is called inductive reac- 
tance. 

Reactance also depends on the rate of 
change of the current through the coil. A 
greater rate of change results in greater opposi- 
tion or reactance ina coil with a certain induc- 
tance. 

A useful result of reactance is that it allows 
direct (unchanging) current to flow through it 
easily while resisting (or choking) changing, or 
alternating, current. See Figs. 2—4+ and 2—5 for 
examples of how air core and iron core trans- 
formers are put together. 

If a coil with a magnetic field comes near 
another coil, an electrical pressure will be 
caused in the second coil, as long as the mag- 
netic field is moving or changing. Energy will 
pass from one coil, called the primary coil, to 
the second, called the secondary coil, as long 
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as the field in the first coil is changing in 
intensity. The ratio of the voltage in the two 
coils is the ratio of the number of turns in those 
coils. If the secondary coil has more turns than 
the primary, it will have a higher voltage than 
the primary. If it has fewer turns, it will have a 
lower voltage. 

Thus, this two-coil device can be used to 
transform one voltage into another, either 
higher or lower. For this reason it is called a 
transformer, one of the most useful devices in 
a radio set. 

Capacitance. ‘T'wo metal plates facing each 
other and separated by air or a thin layer of 
insulation called a dielectric make a condenser 
or capacitor. (The term capacitor came into 
more general use in the 1940s.) Condenser is 
the older term, but capacitor more accurately 
describes the action of the device. We will use 
the terms condenser and capacitor inter- 
changeably. 

If such a capacitor is connected to a battery, 
electrons will flow from the plate connected to 
the positive terminal of the battery, through 
the battery, to the opposite plate. If the battery 
is disconnected, the electrons will be stored on 
one plate. If the plates are reconnected by 
wire, the electrons will flow through the con- 
necting wire to the other plate, thus equalizing 
the charge of electrons on each. 

The capacitance, or storage ability, of a 
condenser depends on three things: the size of 
the plates, the space between the plates, and 
the dielectric (insulation) used. The larger the 
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FIG. 2-5 Iron-core transformer con- 
struction. 


plate area, the greater the capacity. The closer 
the plates, the greater that capacity as well. 
Fig. 2-6 illustrates how this works. Capacity 
also depends on the dielectric. For example, a 
capacitor of a certain physical size will have 
seven times the capacity with mica as an insu- 
lator as it would with air as the dielectric. 

The unit of measurement of capacity is the 
farad. However, the farad is much too large a 
unit for radio work. A more useful unit is the 
microfarad (mfd.), which is 1,000,000 of a farad. 
An even smaller unit is also found, the mi- 
cromicrofarad (mmfd.), which is 4,000,000 of a 
microfarad. 

Capacitors or condensers not only store en- 
ergy but are also important in radio work for 
another reason. If a condenser is connected in 
a circuit with direct current being supplied, 
the condenser will permit current to flow for a 
very short time while it is being charged. If 
alternating current is supplied, the capacitor 
will permit current to flow to some degree be- 
cause the charging voltage is constantly chang- 
ing. The faster the change, the easier the flow. 
This opposition to slow change or direct cur- 
rent is called reactance and is measured in 
ohms. This reactance is called capacitive reac- 
tance and is different from the reactance of 
coils, which is called inductive reactance. In 
fact, these two kinds of reactance tend to can- 
cel each other, a fact useful for tuning circuits. 

Condensers used to block DC while passing 
a wanted AC signal are called blocking or 
coupling condensers. Condensers wired to 
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FIG. 2-6 Mica condensers and condenser basics (from Markus). 
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FIG. 2-7 Paper condenser construction. 


pass AC to ground while keeping DC in the 
circuit are called bypass condensers. A variable 
capacity condenser used to tune a resonant 
circuit is called a variable condenser or tuning 
condenser. 

Smaller condensers used in old radios had 
waxed paper or mica as the dielectric. Fig. 2—7 
shows the construction of several condensers. 
Variable and trimmer condensers generally 
use an air or mica dielectric. Fig. 2—8 gives 
drawings of these types. 

Another important type of condenser, the 
electrolytic, has a very high capacity for its 
size. This is because its dielectric is chemically 
formed when the condenser is subject to a 
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charging voltage. Fig. 2-9 shows how this type 
is put together. The dielectric is very thin and 
is capable of withstanding high voltages. ‘The 
thinness of the dielectric gives the electrolytic 
its high capacity. These capacitors can be used 
as filters in power supplies and for low-fre- 
quency bypass tasks. 

Ceramic condensers. Using a ceramic di- 
electric, these condensers are used in much 
the same places as paper condensers. ‘They are 
very reliable. 

Resonance. An especially useful result of 
the combination of inductance and capacity in 
a circuit is called resonance. Both the reac- 
tance of an inductance and the similar but 
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FIG. 2-9 Electrolytic and ceramic condensers. 
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opposite reactance of a condenser will change 
with a change in the frequency of the alternat- 
ing current flowing in them. At a certain fre- 
quency, called resonance, these two reac- 
tances will be equal and cancel one another. 
Depending on the way the capacity and induc- 
tance are wired together, that resonant fre- 
quency either will be strengthened while all 
others are reduced, or it will be reduced more 
than all others. By varying either the capacity 
of the circuit or its inductance, this principle 
can be used to tune a circuit to a desired fre- 
quency. Fig. 2-10 shows how such a tuned 
circuit works. This is the method of choice for 
tuning receivers. 


Radio Tubes 


The device that made radio transmission and 
reception truly practical was the vacuum tube. 
Ordinarily a receiving tube consists simply of 
two or more electrodes inside a high vacuum 
glass or metal shell, see Fig. 2-11. The shell 
holds the vacuum necessary to maintain and 
control electron flow and keep filaments from 
burning up. 

You recall that electrons are invisible 
charges of negative electricity capable of trav- 
eling thousands of miles per second. These 
flowing electrons make radio tubes possible. 

A tube contains a number of parts. The 
cathode is the element that supplies electrons. 
A directly heated cathode consists of a special 
wire coated with a substance that, when 
heated, gives off electrons. The necessary heat 
is provided by passing an electric current 
through the filament wire. Examples of di- 
rectly heated cathode or filament tubes are 45, 
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FIG. 2-11 Construction of triode tube. 
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80, and ’O1A. Later, directly heated tube ex- 
amples would be the 1U4 and 354. 

An indirect or heater cathode tube has a 
heating element inside a metal sleeve from 
which it is electrically insulated. This sleeve is 
coated with a material that emits electrons. 
Most modern AC set tubes are of this kind. 
Typical tubes in older sets with this sort of 
cathode are 27 or 24A. Newer sets may use 
12SA7, 50L6 or 35W4 types. 

A diode tube has two working elements: a 
cathode to supply the electrons and a plate to 
attract and receive the flow. Fig. 2-12 shows a 
tube with two diodes within the same shell. 
Since electrons are negative in charge, they 
are attracted by a positively charged plate and 
flow to it. If the plate has a negative charge, on 
the other hand, no flow will take place. The 
diode acts as a one-way valve permitting elec- 
tron flow in one direction only. ‘Tube types 80, 
6H6, and 35Z5 are examples of diodes. Diode 
tubes are used most frequently as rectifier 
tubes in power supplies or as detectors. 

The triode is a three-element tube. The 
third element, called a control grid, is located 
between the cathode and plate and consists of a 
coiled wire with space between the loops (see 
Figs. 2-11 and 2-13). 

The purpose of the grid is to control the ow 
of electrons to the plate. Since electrons are 
negative electrical charges, they are repelled 
and prevented from passing to the plate when a 
negative voltage is applied to the grid. When 
the grid becomes less negative it permits some 
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FIG. 2-12 Dual section diode tube. 
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FIG. 2-13 Circuit diagram of triode tube. 


HOW DOES A RADIO WORK? 


Ce ee Te oe een Se es 


ULES SCr er a 


2G) 7) 80 90 100 ap 140 160 


@ tticiags 


General Electric 1946 model 220 
brown Bakelite six-tube AC/DC 


two-band radio. 


70 0 0 1 


Motorola 1952 model 62X-13U 
green plastic six-tube AC/DC ra- 
dio. Model 62X-11U featured wal- 
nut plastic; model 62X-12U had 
ivory plastic. 


Zenith 1952 chassis 6J05 six-tube 
AC/DC radio in brown Bakelite 


with brass trim. 


THE RCA TUBE TWINS SAY... 


Ate best evidence of the quality 
that’s built into every RCA 
tadio tube is the fact that over 
300 million of them have been 
bought by radio users. 

For better radio reception, 
better tone, better volume — ask 
for RCA radio tubes. Built by the 
world’s foremost radio organiza- 
tion, RCA radio tubes offer you 
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RCA tube advertisement from 
Radio News, April 1938. 


electrons to pass to the plate. A change of even 
a fraction of a volt on the grid is enough to 
either permit or stop the passage of electrons. 
The grid can easily vary the number of elec- 
trons moving through the tube. This ability of 
a small voltage change to affect a large current 
flow is called amplification. This important 
property makes it possible to increase very 
small signal voltages to usable levels. Any de- 
gree of amplification can be obtained simply 
by adding more stages (tubes) in a series. A 
tube also will work over a wide range of fre- 
quencies and can amplify radio frequencies as 
well as audio frequency signals. 
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RCA presents the''Magic Key” every Sunday, 2 to3 p.m.,E.S.T.on NBC Blue Network 


RCA Manufacturing Company, Inc., Camden, New Jersey ; 
A Service of the Radio Corporation of America 


In actual operation the grid usually is kept 
slightly negative to limit the flow of electrons. 
When you tune in a station, you are picking 
up a small electrical charge and adding it to 
the grid voltage on your tube, making it more 
or less negative and decreasing or increasing 
the electron flow. But the signal you pick up is 
not constant. It varies with the speech or music 
fed into the broadcaster’s microphone, so the 
varying flow of electrons between the cathode 
and the plate can duplicate the program. After 
detection and sufficient amplification, there is 
a signal strong enough to run a loudspeaker. 

A triode tube is problematic, however. 
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Some electrical capacity exists in the tube be- 
tween the cathode and grid and the grid and 
plate. This acts as a small condenser wired 
between those parts and limits the possible 
amplification, or gain, of the tube. If too 
much amplification is demanded, enough of 
the signal will be fed back through the capacity 
of the tube to make the tube begin amplifying 
its own signal and oscillating at some un- 
wanted frequency. However, this oscillation 
sometimes is wanted and controlled. 

The invention of the tetrode tube solved this 
problem. The tetrode has four elements with 
two grids. The second grid, called a screen 
grid, is between the control grid and the plate 
(Fig. 2-14). It operates at a voltage similar to 
the plate but receives no varying signal cur- 
rent. Thus, it acts to shield the plate electroni- 
cally from the grid. Instead of weakening the 
tube, this grid permits more amplification 
without oscillation. 

Sometimes a third grid, called a suppressor 
grid, is added between the screen grid and the 
plate. This makes a pentode tube (Fig. 2-15). 
A pentode is capable of even higher amplifica- 
tion than a tetrode. 

Tube types other than triode and dual diode 
will combine two or more working sets of ele- 
ments in the same shell. Sometimes more 
grids are added and, used additionally, modify 
the same electron stream. An example of this 
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FIG. 2-14 Tetrode or screen grid tube construction 
and diagram. 
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FIG. 2-15 Pentode tube construction and circuit. 
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FIG. 2-16 Pentagrid converter tube circuit. 


is the multigrid converter tube shown in Fig. 
2-16. A careful examination of the electrical 
circuit often helps the repairer discover how a 
given tube works. 

Circuit diagrams. Radio service informa- 
tion always includes a circuit diagram. This 
drawing shows the electrical paths within a 
radio, identifying wires with lines and parts 
with symbols. When examining the diagrams 
in this book you will need to know the sym- 
bols. Fig. 2-17 shows some of the common 
symbols used, particularly in older diagrams. 
Not all diagrams use identical symbols, but 
once you have used circuit diagrams a few 
times, you will be able to understand the dif- 
ferences. 


Broadcasting and Receiving 


In order to transmit a program, a radio broad- 
casting station must have several basic parts. 
Fig. 2-18 is, of course, a simplified diagram. 
Much more is involved in a working station, 
but always there must be five basic parts: 


1. There must be some way to change sound 
pressure into an equivalent electrical sig- 
nal. ‘This is done by a microphone. 

2. There must be a section designed to gener- 
ate a radio frequency (R.F.) alternating 
current of the desired carrier frequency. 
This is done by the oscillator section. 

3. There must be a section that will impress 
the audio frequency energy from the mi- 
crophone onto the R.F. carrier. This is 
done by the modulator. 

4. There must be some device that will cause 
the modulated energy to be radiated into 
space. ‘This is done by the transmitting an- 
tenna. 

5. There must be a source for the large 
amounts of energy required to transmit a 
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FIG. 2-17 Schematic radio symbols. 
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FIG. 2-18 Basic transmitting station block diagram. 


strong signal. This is provided by the sta- 
tion’s power supply. 


A radio receiver must be provided with cir- 
cuits that perform the opposite function of that 
performed by the transmitter. Figure Fig. 
2-19 shows a basic receiver. Again, there are 
essential parts: 


1. There must be some way of picking up the 
desired transmitted energy from space. 
This is done by the receiving antenna and 
the tunable circuits of the receiver. 

2. ‘There must be some way of recovering the 
audio frequency (A.F.) signal from the 
modulated radio frequency (R.F.) carrier. 
This is the task of the detector. 

3. There must be some way of changing the 
A.F.’s electrical energy into sound. This is 
the function of the loudspeaker. 

4. There usually must be a source of electrical 
energy for the receiver. This is the function 
of the power supply. 


You'll be working with receivers rather than 
transmitters, and probably with the superhet- 


erodyne. Fig. 2—20 gives an idea, in block 
form, of the parts that make a superhetero- 
dyne. The signal moves through the circuit 
from the top to the bottom of the diagram. 

The antenna, a loop or piece of wire, picks 
up a wide variety of radio signals. The strength 
of these signals is only a few millionths of a 
volt, so they go to the R.F. amplifier to be 
strengthened. The R.F. amplifier is usually a 
tube that can be tuned by an inductance and 
capacitor from the tuning dial of the radio to 
provide maximum amplification of the station 
you want to hear. 

This amplified signal goes next to the con- 
verter, where the modulated transmitter fre- 
quency is changed to a lower radio frequency, 
which can be amplified and tuned more effi- 
ciently. 

This new lower frequency is called the in- 
termediate frequency (I.F.). The I.F. passes 
through one or more amplifier stages, each 
consisting of a tube and tuned circuit set per- 
manently to the I.F. frequency. 

Now amplified even more, the I.F. goes to 
the detector, where the R.F. carrier frequency 
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FIG. 2-19 Basic radio receiver block diagram. 


is removed and only the A.F. portion remains. 
This detector is frequently a diode-type recti- 
fer. 

Next, the A.F. amplifier increases the 
strength of this audio signal so that it can move 
the speaker voice coil and, finally, produce 
audible sound. 

Simpler receiver designs were used in older 
Ponverter sets. These are discussed, along with a more 
detailed explanation of the superheterodyne, 
in the chapter on receiver theory. The work- 
ings of individual circuits are explained at 
some length in Chapter 8. 
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FIG. 2-20 Superhetrodyne receiver block diagram. 
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VVBTVITD 3 
VUVVIND Cleaning the Radio 


Resist the temptation to plug in your radio 
right away. Do not apply power until after you 
have done some preliminary checking. A good 
cleaning at this point will make later work 
easier. Remember, work in a well-lit place and 
be gentle. Clean your radio but don’t scrub it. 
Don’t move parts or wires any more than is 
necessary. You do not want to add to the 
problems your radio might have. 

You will need to remove the chassis, the 
metal base on which the radio itself is built. 
Unless the panel on which the controls are 
mounted is part of the chassis so that the whole 
thing slides out in one piece, you will need to 
remove the knobs. Many knobs have a small 
screw on the side. Use a small screwdriver to 
loosen the screw and remove the knob. Unless 
all the knobs are identical, make a diagram 
and number them so you can replace them in 
their former positions. If a knob has no screw, 
it is designed to pull off. Be careful, because it 
may stick. If you pry off a knob with a screw- 
driver, protect the panel and do not break the 
knob. Plastic knobs may be brittle. 

The chassis may simply lift from its cabinet. 
More often it will be bolted through the bot- 
tom. If you turn over the set to loosen these 
screws, be careful to support the chassis and 
protect it from a fall. Before actually removing 
the chassis, check to see where the loudspeaker 
is attached. If it is connected directly to the 
chassis, as it is in many small radios, leave it in 
place and remove the complete unit. If the 
loudspeaker is fastened to the front of the cabi- 
net, unplug the wires that attach it. In some 
radios it will be bolted to the cabinet and still 


be permanently wired into the chassis. If this is 
the case, loosen the chassis, slide it out as far as 
possible, and unfasten the speaker. Be careful; 
this is a clumsy arrangement. Protect the front 
of the speaker cone from damage. 

Any speaker can be damaged rather easily 
when it is out of the cabinet. A good way of 
protecting it is to cut a circle of cardboard the 
right size to cover the speaker and tape it over 
the speaker. Later, when testing the receiver, 
you may want to uncover the speaker for better 
sound. Any speakers you are storing for later 
use should be protected this way. 

Now we return to the cabinet. Any wires 
still attached to the cabinet may be antenna 
wires. Unfasten them from the chassis, la- 
beling the place of their attachment. If the 
wires lead to switches on the cabinet, the 
switches must be removed with the chassis. 

Once it is free, clean the chassis, beginning 
on top, using a vacuum cleaner and soft paint- 
brush. Carefully and gently dust all reachable 
crevices and cracks with the paintbrush and 
remove debris using the vacuum. Here a small 
compressor is helpful for blowing out the dust 
under parts. Hold the compressor hose in one 
hand and the vacuum in the other, and suck 
up the dust as it is blown free. Now remove 
one tube at a time to avoid confusion and to 
dust its socket. Remove and replace each tube 
several times to clean socket contacts. Clean 
tubes with a damp cloth, taking care not to rub 
off identification numbers. 

Turn over the chassis. If the bottom is 
clean, leave it alone. Even if it is dirty, do not 
vacuum it directly. Use the soft brush and 


Monitor 1946 model TA 56M Ba- 
kelite case five-tube AC/DC radio. 
This is neither a known brand nor a 
very interesting radio. 


Motorola 1952 model 72XM22 
seven-tube AC/DC design FM/AM 
radio in green-painted plastic (and 
also available in gray). Interesting 
styling, but the condition of this 
example is poor. 


Silvertone 1941 model 7054 five- 
tube AC/DC brown wooden table 
radio. It features push buttons and 
European styling. 
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IGA wooden table radio. There is 
no identification of manufacturer 
on this radio, but the IGA food 
chain logo appears on the front 
panel. This radio may have been 
sold in grocery stores. 


Guild “American Spice Chest” 
walnut-colored spice chest transis- 
tor radio with two drawers and 
multicolored carriage print on the 
speaker grille. (Another model lacks 
the carriage print.) 


Aiwa 1967 model AR-111 transis- 
tor portable AM/FM radio. This is 
a large and heavy example of a bet- 
ter early imported Japanese radio. 


compressor again to remove accessible dirt. 
Vacuum up debris, but keep the cleaner away 
from parts and wires. Insulation on wires may 
be very brittle and could flake off. Avoid the 
temptation to turn screws, unless a mounting 
screw is obviously loose. You can dust them 
off or blow any loose dust from around them. 

If you find any mouse nesting material on 
top or inside the chassis, remove everything 
you can with tweezers. Be careful not to break 
any fine wires around or on the coils. Shake 
the chassis over a wastebasket to get seed hulls 
and other bits to fall out, and proceed with 
your normal cleaning. 

You may find some oily, waxy spots on the 
chassis from parts that have become too hot. 
Don’t try to clean them up nov; later you can 
use naphtha (lighter fluid) and a rag to clean 
them. First, let’s get the radio working. 

Clean the cabinet with thorough use of the 
vacuum brush, using the crevice tool and 
paintbrush to get into corners. Dust thor- 
oughly to remove as much loose matter as 
possible, then clean the cabinet, inside and 
out, top and bottom, with a cloth dampened in 
turpentine. Dry all surfaces. If veneer is com- 
ing loose, use care. Be careful around the 
cloth covering the speaker opening, as it is old 
and will tear easily. A light dusting will suffice. 

Before you set the cabinet aside, remove the 
loudspeaker, if you haven’t already done so. It 
will be needed for later testing with the chassis. 
Again, the speaker may simply lift from the 
cabinet, or it may be bolted or screwed to the 
cabinet panel. Clean the speaker as carefully 
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as you did the chassis. Use caution, as the 
paper cone on the speaker probably will be 
brittle and easily damaged. Protect it as men- 
tioned above. 

Now store the clean cabinet until the radio 
is repaired and working. Your next step is a 
careful examination of the chassis. 

If the chassis smells badly of mouse urine, it 
may not be saveable. As a last resort try a 
thorough washing of the chassis, but don’t do 
this if your radio has a power transformer, as it 
probably will be ruined. If there is a loud- 
speaker attached to the chassis it will need to 
be removed since it is sure to be ruined. Re- 
move all tubes as well, noting which sockets 
they went into. 

Wash the chassis thoroughly in water. A 
kitchen sink sprayer is a help. You can use a 
small amount of dishwashing detergent in 
some water, but clean water does well. Wash 
and rinse, wash and rinse, until the smell is 
gone. You will be amazed at the amount of 
dirt you'll get out of that chassis. 

When you are done, make sure the water 
drains out of everything. Hold the chassis in 
various ways and shake it. Again, if you have a 
compressor, blow water out wherever you can. 

Now set the chassis aside for several weeks in 
a warm and dry place so it dries thoroughly. 
You may have damaged some parts that will 
need to be replaced, but you also may have 
rescued the radio. Don’t wash unless there is 
nothing else you can do. Once the chassis is 
bone dry, you can proceed with testing. 
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VVBVIVI 4 
VUUVVVD Examining the Radio 


As you cleaned your radio, you probably took 
the first steps in examining it. A more thor- 
ough, separate examination is important and 
will spare you later grief. Many of your set’s 
problems or faults will be visible if you look at 
it carefully in good light. 

As you examine your set, remember that 
there will be an orderly flow of electrical en- 
ergy through it. There is nothing mysterious 
about it. Take the time to write down every- 
thing. If you remove a wire, note where it 
came from. Use bits of colored tape to code 
wires and their connections. Keep notes and 
draw pictures of anything you change. Don’t 
trust your memory! If you find yourself getting 
frustrated or tired, quit for a time. That radio 
has been waiting many years for you to come 
along, and it can wait a few more days. 

Fig. 4-1 shows top and bottom views of a 
typical “midget” superheterodyne radio manu- 
factured in the mid-1930s. In Chapter 1] you 
will find the same views of a 1950s five-tube 
superheterodyne. As you examine the parts of 
your set, compare them with the drawings and 
try to identify each part. 

If anything seems to be wrong with a part, 
consult Chapter 8 on repair in this book. Here 
are some readily visible parts that can tip you 
off to trouble. 

Tubes. Order missing tubes immediately. 
You can’t do anything without them. Make 
sure they are in the right sockets. If you have 
access to a tube tester, check the tubes that 
remain, but remember that a tube may test 
satisfactorily and still not work in a particular 
radio. 


Tuning condensers. Fig. 4—2 illustrates a 
variable condenser and small mica trimmer 
condensers. Try to turn the tuning knob on 
your set. If it does not move, don’t force it. Use 
television tuner-cleaner spray on the points 
where shafts should move. Follow with a little 
WD-40 once the system is freed. Check for 
bent plates on the condenser, and straighten 
them carefully if they are binding. Clean any 
remaining dust from between the plates. By 
placing a light where it will shine through the 
plates, you can see if any junk is trapped, and if 
so, use a compressor to blow it out. A clean 
piece of thick paper can be cut and pushed 
gently between the plates to clean them out. 

If the dial cord is broken, discover how it 
connected the tuning shaft and condenser. If 
you can’t, you will have to obtain service in- 
structions for your set. See Chapter 8 for some 
typical dial arrangements which may help you 
understand yours. If it needs replacing, use 
proper dial cord, if possible. (Sometimes heavy 
nylon thread will substitute.) If the dial cord 
slips where it loops around the tuning shaft, 
tub the cord at that point with a small amount 
of powdered rosin. 

When work on the tuning condenser is 
completed, turn the movable plates so that 
they are inside the fixed plates to prevent acci- 
dental damage. By the way, if you have to wait 
to get dial cord or a service diagram, you can 
still test the set by turning the condenser by 
hand. 

Electrolytic condensers. Fig. 4—3 shows 
some typical styles, but electrolytic condensers 
come in all shapes and sizes. They filter 


CHASSIS TOP VIEW 


Bonep SyUPMUS SPeeaey Electrolytic condenser 


Power transformer, 9 (¢-——__¥ eg ororee nett) 


ee tube d — SS SSS = =—s ia = ZA Electrolytic condenser 
oscillator an Se ae a 
first detector [ee Ske ta 2] Wa ae) nore 
() ude 
io a ig s ( I.F, amplifier 


#41 tube 
power output #76 tube 


second detector 


#80 tube 
fullwave rectifier 
I.F. transformer (2nd) 


Oscillator coil 


Electrolytic Bandswitch 


condenser Paper condenser 


Resistor Mica condenser 

Tone control switch 
LF. transformer (1st). Volume control 
Paper condenser 
Mica condenser 


2 gang variable 
condenser 


Resistor 


Resistor 
Oscillator section 


Electrolytic condenser 


wie 
maa 
adeith 


Z| 


| 


Resistor R.F. section 


ane 
LF bad 


is 


eee 


Paper condenser 


Paper condenser Resistor 


Paper condenser Antenna coil 


Resistor Paper condenser 


Paper condenser 


: Resj 
Resistor —~ esistor 


LF. transformer (2nd) Paper condenser 


Resistor Paper condenser Paper condenser _ Resistor 


Resistor CHASSIS BOTTOM VIEW 


FIG. 4-1 Top and bottom view of superheterodyne receiver. 
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FIG. 4-2 Tuning condenser information (from Markus). 
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FIG. 4-3 Typical housings and mountings for electrolytic condensers (from Markus). 


(smooth out) the direct current used by the 
tubes in your set. They are usually marked 
with rather high capacities, in the range of 4 to 
50 mfd., as opposed to similar-looking paper 
condensers, which are usually .5 mfd. capac- 
ity or less. Corroded or swollen electrolytic 
condensers are worthless. Replace them with 
units of equal or greater capacity and equal or 
greater working voltage. Newer filter con- 


densers are much smaller than the original 
parts. It’s a good idea to replace suspicious- 
looking filters before trying out your set. 
Paper condensers. Fig. 4—4 shows some 
typical styles. They may be in square metal 
cans or in plastic tubes or rectangles, but most 
often they are in cardboard tubes sealed with 
wax. It is hard to tell if they are bad by simply 
looking. If a wax-filled one has lost all wax out 
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FIG. 4-4 Typical bathtub condensers (left) and 
paper condensers (right). 


of the ends, it probably has shorted and should 
be replaced. Paper condensers used in bypass 
situations, where there is high voltage on one 
side, are prone to failure. The capacity and 
working voltage usually will be printed on the 
condenser. Sometimes they will have color 
bands to identify the capacity. See Fig. 4—5 for 
the color code, which resembles the resistor 
color code. Replace with the same capacity, 
plus or minus 25 percent, and the same or 
greater working voltage. Modern condensers, 
or capacitors, are much smaller and better. 
Often they are small enough to be put inside 
the case of the old part, if you want to be 
strictly authentic. 

Mica and ceramic condensers. ‘l’hese small 
plastic rectangles, discs, or tubes are very reli- 
able because of their good dielectric. They 
sometimes open but seldom short-circuit. Fig. 
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FIG. 4-5 Condenser color codes (from Markus). 
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Example. 0.0047 MFD, 
1,600 V D-C, + 20% 


4—6 shows some of the variety of circuit dia- 
gram symbols used for condensers. 

Volume controls and rheostats. Fig. +—7 
illustrates some examples of these resistors. 
These variable resistors have their own prob- 
lems. Wire-wound units break, and carbon 
controls become dirty and noisy. This causes a 
scratching sound when the radio is on and the 
control is turned. To rectify this, spray a good 
television tuner-cleaner into the control. In 
fact, spraying all controls in this manner is a 
good idea. Wipe up any cleaner that runs out 
of the control, as it will just collect dust. 
Faulty volume controls aren’t detectable by 
eye. Tone controls behave in the same way 
and have the same problems. 

Resistors. Figs. 4-8, 4-9, and 4-10 give 
examples of two basic types of resistors and the 
color code used to mark the resistance of car- 
bon resistors. 

Wire-wound resistors usually carry quite a 
bit of power. Problems with them often are 
caused by a broken wire in the resistance ele- 
ment. Units with the resistance wires in the 
open are likely to corrode, but units sealed in 
ceramic are reliable. 

Carbon resistors are smaller and nearly al- 
ways color coded. About their only fault is that 
they burn, which requires replacement. They 
sometimes will change resistance after years of 
use. Suspect them if later testing indicates that 
there is a problem in that stage of the radio. 
Also, there probably will be a fault in the tube 
or condenser that drew too much current 
through the resistor and caused the burning or 
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FIG. 4-6 Circuit diagram symbols for condensers (from Markus). 


change. Unfortunately, when a resistor burns, 
so does its color code, and a circuit diagram is 
necessary to find it out. With experience, 
however, you often can make an educated 
guess. 

Transformers and chokes. Fig. 4—11 shows 
examples of iron core low-frequency trans- 
formers. These are easy to identify since they 
have iron cores, are bulky, and usually are 
painted black. They may be used to provide 
correct voltages for the set or to connect stages. 
Unless they have burned badly and are 
charred, it is difficult to tell by looking at them 
if they are all right. They may leak a little wax 
or tar with age, but this does not always indi- 
cate trouble. 

Radio frequency transformers and coils. 
Fig. 4-13 shows some of the wide variety of 
these. They come in all shapes and sizes. 
Some are shielded inside aluminum cans; 
some are open and, usually, covered with a 
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FIG. 4-7 Volume controls, 
power rheostat and circuit dia- 
gram for volume control. 


FIG. 4-8 Various power resistors. 


thick coat of wax. Most frequently, they con- 
nect antennas to the radio and interconnect 
radio frequency stages. If they are burned, they 
must be replaced. Faults beyond that are diffi- 
cult to see. Note: if there are any screw adjust- 
ments with the coil or transformer, do not 
adjust. Some of these adjustments are critical, 
and since they were originally correct, proba- 
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FIG. 4-10 Resistor color codes with examples (from Markus). 


bly they are still close. Wait until the set is 
working before touching them. 

A very common R.F. transformer is the I.F. 
transformer used in all superheterodyne re- 
ceivers. Sometimes the primary and secondary 
windings of the transformer are tuned by small 
built-in variable condensers, and at other 
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times by moving in and out a powdered iron 
core. Both types are shown in Fig. 4-14. 

In circuit diagrams I.F. transformers have 
several designations. Fig. 4-15 shows some of 
the more common. 

Loudspeakers. Examples are shown in Fig. 
4-16. Sets made in the 1920s converted the 
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audio tube’s electrical signal into sound in 
many strange ways, but by the 1930s the dy- 
namic speaker was almost universal. Two 
types of dynamic speakers are common. One 
type produces the necessary strong magnetic 
held for the voice coil to act on by means of a 
large coil of wire, called the field coil. This 
obtains power from the radio’s high-voltage 
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RCA 1933 model R28P chassis 
two-band five-tube AC “midget” 
radio, partially restored. 


Philco circa late 1920s model 271 
magnetic loudspeaker in brown- - 
painted metal. 


power supply. Sometimes it was used as a filter 
choke in that supply. 

Later, strong permanent magnets were de- 
veloped, and these replaced the field coil as a 
source for the magnetizing field. 

After you have dusted carefully the surface 
to be fixed, small rips in the brittle cone can be 
repaired with household glue or magic mend- 
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FIG. 4-11 Typical iron- 


core transformers. 
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FIG. 4-12 Power transformer, I.F. transformer, and audio transformer color codes. 


Examples of R F 
Transformers 


Slip-Over 
Replacement 
Primary Coil 


Metal Shield Can 


Slot for <—S 


Adjusting Screw 


Movable 
Pulverized 
Iron Core 


Mounting Bolt 


Universal Adjustable 
R-F Transformer 


FIG. 4-13 Typical R.F. coils found in receivers (from Markus). 
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FIG. 4-14 Condenser-tuned and permeability- 


tuned I.F. transformers (illustration courtesy of 


American Radio Relay League). 


ing tape. Check to see if the cone is warped by 
placing your hands at nine and three o’clock 
while facing the front of the speaker. Place 
your thumbs near the center of the speaker and 
gently push in the cone. It should spring out 
again without any rubbing noise if it is not 
warped. If it is warped, see Chapter 8 on 
repair. Electrical faults in the speaker will be 
invisible. 

Switches. These will be either enclosed 
power switches or open-contact tone, band, or 
phono switches. Fig. 4-17 shows some ways 


switches are shown in circuits. Sometimes a 
sticking power switch can be freed if you spray 
some television tuner-cleaner into it and 
switch it off and on several times with the 
power unplugged. Open switches are often 
corroded. Spray contacts with television tuner- 
cleaner and operate the switch. Cut narrow 
strips of bond paper, push them between the 
closed contacts, and slide the paper in and out 
to polish the contacts. 

Wire. Check the power line and plug. If it is 
rubber and rotted, replace it now with a similar 
style of wire. If the plug is removable, attach it 
to the new wire. Examine the chassis wires. If 
they are cloth insulated, they will give you no 
problems. If they have a rubber covering, it 
will have hardened. If some insulation has 
Hlaked off and the wire is touching any metal, 
the wire will have to be either replaced or 
taped. Once you start repair work, the hard- 
ened insulation will fall off rapidly. As long as 
the insulation is in place—even if it is hard— 
it will do its job. 

Use your judgment throughout your exami- 
nation. Replace only parts that are obviously 
bad, and write down anything you think might 
cause problems later. Finally, remember that 
great motto of the radio service profession: If it 
ain't broke, don’t fix it. 


ANTIQUE RADIO RESTORATION GUIDE 


uw 
Ist I-F Tran. Ist I-F Tran. = > 
EPO EE RSE 455 KC eC 

-- wT “ 


ie Red (ee Fee ae 
Trimmer Condensers Trimmer Condensers with 
with Air-Core Coils Fixed Pulverized lron-Core Coils 


No Condensers 


——— 
L205 


re euwoe ely 


Fixed Condensers with Adjustable Pulverized lron-Core Coils 


FIG. 4-15 Circuit diagrams for different I.F. transformers (from Markus). 
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FIG. 4-16 Loudspeaker construction and examples. Top has output transformer mounted on speaker (from 
Markus). 
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FIG. 4-17 Switch circuit diagrams. 
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FIG. 4-18 Circuit and example of pushbutton tuning switch (from Markus). 
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A restorer should take certain safety precau- 
tions to work safely. Anyone working with 
electronics needs to be careful first with elec- 
tricity, then with fire, then with burns, and 
finally with cuts and abrasions. The most seri- 
ous concern is with electricity. 


Electricity 


Working with old electronic components in- 
volves working with electricity. Electricity is a 
wonderful friend and a hard-working servant, 
but it can kill. 

You need to know what you are doing and 
be careful when working with electricity at any 
voltage higher than a few volts. Low voltages at 
high currents can cause burns; higher voltages, 
even at low currents, can cause nerve damage, 
interrupted breathing, and heart stoppage. 
This happens because the electric current 
flowing in the body damages the body’s nerve 
communication system, which depends on 
small, carefully controlled electric currents in 
the nervous system. Cardio-pulmonary resus- 
citation (CPR) and immediate medical help 
must be provided to treat serious shock. 

Think of the simple circuit shown in Fig. 
5-1. A voltage (V) is applied to a resistance 
(R), and in flowing through that resistance 
produces heat. That is fine if the resistance is 
your electric toaster or the filament in a radio 
tube, but not if that resistance is your body. 

This can happen in several ways. Let us say 
that the voltage is the 120 volts you find at your 
electrical outlet. If you have damp shoes and 
hands, and your hand touches point A while 
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your shoes are on a damp floor at B, a danger- 
ously high current may flow through you— 
through your heart and lungs and out point B. 
Your body’s electrical resistance will be only a 
few hundred ohms, and the current will be 
deadly. If hands and shoes are dry, your resist- 
ance will be many thousands of ohms, making 
the shock much less dangerous. 

But how does one side of the electrical line 
get connected to ground at B? ‘The return of 
any household electrical system is always con- 
nected to normal earth ground, so if any part 
of your body touches that ground, and you 
touch the hot side at A, you will be a resistor. 

There are several ways to cope with this 
problem in relation to 120-volt household cur- 
rent. We can first insulate the resistor (that’s 
you) at points A or B, so that no current can 
flow through you to ground. Second, we can 
measure the current carefully coming in at 


FIG. 5-1 Basic current flow circuit. 


Weston circa early 1930s model 
45 laboratory type DC voltmeter. 


point 1 and going out at point 2 on the dia- 
gram. If the amount of current coming in at 1 
is not exactly equal to the amount leaving at 2, 
we know some is getting to ground some way 
other than through the electric lines. Knowing 
this, we can build a device that will shut off the 
current at switch S before very much can flow. 
This is exactly what a ground fault interrupter 
(GFI) does. It examines the current coming in 
at | and out at 2 to the electrical system return 
(GR1). If you are resistance A, and current 
starts flowing through you to GR2 ground, 
which is connected by wire to the line return 
GRI, the GFI will detect it and shut off the 
power at switch S. You might notice a little 
tingle, that’s all. 

My shop is in a basement that is often 
damp. | run my whole shop through a GFI. 
Since any ordinary outlet can be replaced with 
a GF, it is not hard to protect yourself from 
the line current. Remember, a GFI will work 
only on a three-wire system with a separate 
ground wire. 

Another piece of equipment I always use 
when working on any radio is an isolation 
transformer. An isolation transformer has pri- 
mary and secondary windings of equal length, 
so it puts out the same voltage that goes into it. 
In Fig. 5-2 you can see an isolation trans- 
former placed in the circuit before the resist- 
ance. 

Now there is no direct electrical connection 
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Two isolation transformers (left) and an adjustable voltage autotrans- 
former (right). These are useful electronics shop accessories. 


between the A side of resistance (R) and the 
120-volt electrical system. Any thing—or per- 
son—touching point A to GR1, the power line 
return, will not have current flowing through 
it since A is not connected to the power line. 
Only if the person connects A and B as in Fig. 
5—2 will current flow through him. The trans- 
former will protect a person from the 120-volt 
line, whether that line is protected by a GFI or 
not. See Chapter 12 for more information on 
isolation transformers. 

While I always use an isolation transformer 
om any piece of equipment I am repairing, its 
use is essential on AC/DC sets, which may 
have one side of the power line attached to the 
chassis. 

Even if an isolation transformer is used and 
you have a GFI protecting your shop, you can 
still receive a serious shock. In Fig. 5—3, if you 
contact A with one hand and B with the other, 
you will still become the resistor (R) and may 
have a dangerous current flow through you. 

Never poke your finger in a chassis that is 
turned on or even plugged in. Always poke, 
prod, or tap with an insulated stick or rod. 
Never steady the chassis with one hand while 
working in it with the other. Again, you might 
easily become the resistor (R). Remember, 
there can be voltages in excess of 400 volts on 
the underside of a chassis. If in doubt, check 
with a voltmeter to see where these voltages are 
before doing anything under the chassis. Never 
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FIG. 5-3 Never become a resistor—you may re- 
ceive a serious shock. 


change parts without turning off the receiver 
and pulling the power plug. It is also a good 
idea to short-circuit one of the electrolytic 
filter capacitors to the chassis after you have 
turned off the receiver and before you do any 
work. Sometimes there can be an electrical 
charge on the capacitor that has not leaked off. 
It won’t hurt you, but it can give you a real 
surprise. 


Fire 


The fire hazard with old electronic equipment 
is not great if a person uses common sense. 
Never leave old equipment on at full-line volt- 
age unsupervised. Only after you know that it 
is in good working order can you leave it 
unattended. If you have cleaned the chassis 
carefully and have brought it slowly up to full 
voltage, you probably will not have troubles. 

Parts that may burn or cause fire usually 
involve the power sections of the radio. Tubes, 
particularly rectifier and power output tubes, 
can be very hot while operating. Do not let 
them rest on paper or any flammable material. 
Metal power tubes can be very hot. Resistors, 


+ 


particularly power resistors or ballast resistors, 
which look like tubes, can be a fire hazard 
even at their normal operating temperatures. 
Transformers can become very warm to the 
touch after they have been operating for an 
hour or more. They are not a fire hazard at 
their normal temperatures. 

If a power supply is faulty, a resistor may 
burn, making a small fire. A power trans- 
former, if it starts to burn, produces a large 
amount of very acrid smoke. If anything in a 
receiver you are testing starts to smoke, pull the 
plug. The burning likely will stop as soon as 
the power is removed, although some smoke 
may persist. 

If you have a serious chassis fire, first re- 
move power from the chassis. Next, ventilate 
the room if possible and leave it once you are 
certain that the fire has stopped. With the 
power removed, the smoke will subside in a 
couple of minutes. If the fire has spread out- 
side of the chassis, call for help. I keep a dry 
(B-C) chemical extinguisher in my shop, but I 
have never had to use it. Fires in radios are 
generally localized in a small area. Watch out 
for them, but they are not generally danger- 
ous. However, do not breathe the fumes from 
burning parts for an extended period. 


Burns 


There are two ways you are likely to receive 
burns when working with old radios. First, you 
can get localized burns from parts of the radio. 
Tubes are the first cause—rectifier and power 
tubes can be very hot, and metal ones very hot 
indeed. Power resistors can give some nasty 
small burns, even at normal operating temper- 
atures. 

The other way you get burns is from sol- 
dering irons or solder splashes. The burns are 
small but painful. My standard treatment for 
any small burn is to run cold water over the 
affected part until it no longer hurts. Then I go 
back to work, and anytime the burn starts hurt- 
ing again, I return to the cold water. I will 
cover it only if it blisters or if the skin is broken. 
The kinds of burns you get in this work are 
small and annoying but usually not danger- 
ous. If you should feel faint or have any other 
strange reactions, however, seek a doctor’s 
advice immediately. 
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General 1938-1939 unknown 
model AM radio in ivory-painted 
plastic with red numbers on the 
dial and ivory push buttons. Prob- 
ably made by Belmont of Chicago. 


General Electric 1960 model 
T155B cocoa plastic six-tube AC/ 
DC AM radio. 


General, circa late 1950s, blue 
| plastic five-tube AM/FM radio of 
130 150 165 Japanese manufacture. Although 
the front markings are in English, 
all of the back and chassis markings 
are Japanese and it does not have 
the US FM band. The only num- 
ber resembling a model number is 


R85 737. 


Cuts and Abrasions 


The kinds of cuts you will get are of the usual 
sort, from small knives or pliers that slip. If 
there is no serious bleeding and no sign of 
traumatic shock, clean and protect the wound 
and go on from there. Always make sure you 
have examined and protected any wound. 
Make sure you do not have any dirt or foreign 
matter in the wound before you cover it. 


Kye Protection 


It is best to have some eye protection when 
working. Fumes can be irritating and solder 
splashes dangerous. A shop is not a high-risk 
area for eye damage, but good sense should 
prevail. Do not get your face close to your 
work if you are soldering, as hot solder flux 
may spatter if something slips or comes loose. 
Eyeglasses give enough protection for routine 
work. If you wear contact lenses or don’t wear 
glasses, you might want a good pair of shop 
glasses. Always wear safety glasses when using 
power tools around your shop. 
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If anything should enter an eye, or if your 
eyes should become irritated by fumes, wash 
the eyes generously with cool water and quit 
work for a while. Seek help if something seems 
to be trapped in the eye or if it stays irritated for 
some time. You must be the judge, but re- 
member how important your eyes are. Err on 
the side of caution. 


Fumes and Smoke 


The long-term breathing of any fumes can 
have negative health effects. Except for smoke 
filling a room, however, the exposure experi- 
enced by a part-time radio repairer is limited. 
It is still a good idea to avoid the fumes from 
chemicals or solder as much as possible. If you 
develop headaches from using any chemical, 
discontinue its use and let your shop clear of 
fumes before you go back. Work in a venti- 
lated place and, if fumes are noticeable to you, 
use a small fan to clear your work area. 


SAFETY PRECAUTIONS 


VUDVITD 6 
WV Trying Out Your Radio 


Once you have given your radio a careful 
examination and repaired obvious problems 
like bad power cords or disconnected wires, 
you are ready to try out your set. 

Remember the basic rules of Chapter 4 on 
examining your radio: use your eyes, use your 
head, write everything down, and don’t work 
too long. These apply to all the tasks you will 
perform. 

The first time you turn on a radio is always a 
bit frightening. Now you find out the true 
operating condition of your set. Remember, 
there was probably one thing that went wrong 
with the set, putting it out of action and into 
the attic. During the years your radio has been 
in storage, other parts may have deteriorated 
also. Don’t expect perfect results the first time 
you try. Your goal is to find the one thing that 
stopped your set in the first place. 

You now want to receive a station through 
the set, however faintly. After that, you can 
tune it up and work on improving reception. 

Once you have the correct voltages, the 
easiest sets to test are the battery sets. Make 
sure the set is turned off and that all rheostats 
are turned fully counterclockwise. Hook up 
the power, making sure you have the right 
polarity. hat means the positive (+) sides of 
batteries or power supplies go to positive termi- 
nals, and negative (— ) sides to negative termi- 
nals. See to it that you have the correct volt- 
ages as well. If your voltages are correct, you 
probably will not hurt anything when you 
power up. ‘Turn on your set, turn up the rheo- 
stats about halfway, and go to the What to 
Listen to and Look For section in this chapter. 
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When you fire up an AC set, you must be 
careful, or you may literally fire it up. Ap- 
plying full-line voltage immediately may dam- 
age the set’s power supply. It’s far better to 
bring an AC set’s power supply to full voltage 
slowly, using a variable voltage isolation trans- 
former. These units are costly, but they allow 
you to increase the line voltage on a radio a few 
volts at a time. The isolation transformer also 
may have its own fuse in case the radio has 
none. The voltage on the set is increased 
slowly until the set barely begins to operate, or 
some fault becomes apparent. If you 
unplugged the loudspeaker to remove the ra- 
dio from the cabinet, be sure to plug it in 
again. You could damage the power supply by 
operating it without the speaker in the radio 
circuit. 

Another way to protect an old power supply 
is to make a series light tester. This allows you 
to place a high-wattage light bulb or a fuse in 
series with the line to the radio. (See Your 
Electronics Shop in Chapter 12 for the design 
of such a tester.) The power supply may not 
operate with the series bulb, or the voltage may 
be too low for the rectifier tube to conduct, but 
you will get some indication of your radio’s 
condition. If the bulb lights to full brightness 
when you turn the radio on, you have a prob- 
lem in the primary circuit of the power supply. 
If the light does not go on at all, you have an 
open circuit in the primary circuit. 

If it lights somewhat dimly, let the set oper- 
ate that way for a time. You may see a dull 
glow in the tubes, and you may have enough B 
voltage for the set to give some indication that 


it is alive. After you have run this way for 10 or 
15 minutes with no problems or odors, you 
can apply full power. You might replace the 
bulb with a five-amp screw-in fuse if you can 
get one. 

Beware of high voltage. The power supply 
of an AC set is designed to handle power at 
high voltages, which can kill. Be very careful 
when working in the power supply. If you 
suspect a problem, use a multitester to check 
voltages. Touch nothing without knowing its 
voltage. Never touch any part with one hand 
while touching the chassis with the other. If 
you do not own a multitester, get one. (See 
Chapter 12 for suggestions. ) 

Fig. 6—1 shows the circuit diagram of a typi- 
cal AC power supply. Through the years, the 
insulation in the power transformer of your set 
may have broken down. Corrosion may have 
caused voltage divider resistors to open. The 
filter condensers almost certainly will have 
dried out and will work poorly. Sometimes 
these filters regain some of their original fil- 
tering capacity after a few minutes of use, but 
they usually need replacement. 

Remember, any unwanted connection be- 
tween the high-voltage (+) side and the 
ground of the set will cause the power supply 
to overheat. The problem may be in the power 
supply itself, due to an internal short circuit in 
a filter choke, or, more likely, a bad> filter 
condenser between B+ and ground. The 
problem also may be caused by a faulty bypass 
condenser or another part in the receiver. 

An excessively high current drawn from the 
high-voltage power supply will result in over- 
heated transformers or resistors and red-hot 
rectifier tube plates. The filament of the recti- 
fier should, of course, glow red. The plate is 
the metal cylinder or casing inside of the glass 
bulb but separated from the filament. If you 
see flashing purple or a purple glow in the 
rectifier tube, it is failing. Turn off your set 
until you know what is wrong. Chapter 7 on 
troubleshooting will give you some tips on 
isolating the problem. Suspect the filter con- 
densers first if you have any problem and re- 
place or test them. If possible check the high 
voltage (200 to 400 volts) between the positive 
and negative terminals of each of the filter 
condensers. If you have good voltage there, 
the power supply is not short-circuited. 

Many of the same points will apply to an 
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FIG. 6-1 Typical power supply circuit diagram. 


AC/DC set power supply. Before working with 
an AC/DC radio outside its cabinet, see AC/ 
DC Receivers in Chapter 7. AC/DC sets can 


be particularly dangerous. 


Looking and Listening 


Let’s assume that you have powered up your 
set, and nothing bad is happening in the power 
supply. Now is the time to use your ears. Put 
an antenna wire and a ground on your set if it 
has connections on the chassis marked for an- 
tenna and ground, and if it is not equipped 
with a loop antenna. 

Remember, every receiver has three basic 
sections besides its power source. One is the 
radio frequency section, which amplifies and 
selects the wanted R.F. received from the an- 
tenna. Next is the detector, which recovers the 
audio signal from the R.F. transmission. Fi- 
nally there is the A.F. section, which ampli- 
hes the A.F. electrical signal and changes it 
into audible sound. The largest share of the 
problems you will encounter likely are in the 
power and A.F. sections. 

After your radio has been on for at least five 
minutes, turn up the volume control clock- 
wise gradually to full and listen to the loud- 
speaker. If you do not hear a hiss or a soft hum, 
something is wrong in the speaker, the audio, 
or the power sections. Chapter 7 will help you 
troubleshoot those sections. 

If you hear a soft hiss or hum but no sta- 
tions, even after you tune over the dial, you 
have trouble in the R.F. or detector sections. 
The problem also may be caused by low power 
supply voltages in those sections. Your audio 
section is probably all right. 

If you hear soft static or a weak station, you 
may have a problem in any section, but the 
overall condition of the set is not too bad. 
Check out the audio section by touching the 
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grid of the first audio tube, usually the second 
tube back from the loudspeaker, with a screw- 
driver or your finger. If you are not sure which 
pin is the grid, you can touch the center of the 
three terminals on the volume control to get 
the same result. If the volume control is turned 
up and the power and audio sections are okay, 
you will hear a fairly loud buzz. 

Once you guess which is the troublesome 
section in your radio, check the voltages and 
use the troubleshooting tips in the next chap- 
ters to find and fix the problem. 

One more obvious problem may emerge. 
Your set may be making a squealing or loud 
putt-putt sound. If your set has a regenerative 
detector, the squeal shows that it is working 
but is not tuned correctly. More likely such a 
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RCA 1949 model 8X54 brown Ba- 
kelite five-tube AC/DC radio. 


A series light tester, which can be 
used for trying out a radio. 


squeal results from the loss of some shielding. 
A putt-putt sound, called motorboating, re- 
sults from a bad filter or bypass condenser, ora 
broken connection to or in a volume control. 

Once you identify your problems by using 
this chapter and the next, you can evaluate the 
nature of the needed repairs. There are several 
ways to fix the set, depending on its age, value, 
and the seriousness of its problems. You want 
to restore the radio, but what exactly does that 
mean? A look at the different levels of restora- 
tion will help you decide which is most practi- 
cal for you. 


Levels of Restoration 


Replacement involves putting a modern ra- 
dio and speaker in an old cabinet. Although a 
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Motorola 1956 model 66X2_ six- 
tube AC/DC radio in white case 
with twin speakers. 


Zenith 1941 model 6G601M three- 
way portable six-tube AM radio in 
luggage case. It is difficult to find 
straw-colored portables in good 
condition. This one shows a good 
deal of wear around the knobs. 


Admiral 1947 7RT41-N six-tube 
AC/DC radio phonograph in large 
brown Bakelite cabinet with open- 
ing top. Admiral made many large 
Bakelite pieces, including a ten- 
inch floor-standing TV set. 
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Zenith 1952 model K515 brown 
Bakelite five-tube AC/DC clock ra- 
dio. 


RCA Uh « tan, 


ie mia 


RCA 1955 black plastic clock radio 


with sleep alarm feature. 


Sonora 1940 model TV-48 white- 
painted Bakelite four-tube AC/DC 
radio with shrimp pink knobs. 


good way to rescue an old cabinet, it destroys 
any value your set may have as an antique 
radio. Don’t do it unless there is nothing that 
can be done to save the old works, and the 
cabinet is exceptionally fine. 

Modification is changing the actual design 
of the circuit to incorporate modern concepts. 
You might modify the circuit to use modern 
tubes. You might remove an old vibrator 
power supply and replace it with a modern 
solid state supply. Most of these modifications 
are highly technical and would not be tackled 
by most starting restorers. It is best not to mod- 
ify an old set. It is all right, however, to use a 
modern external battery eliminator to run an 
old battery set, because this involves no modi- 
fication to the actual radio set. 

Functional repair involves replacing faulty 
components with modern counterparts that 
perform the same function in the circuit and 
making no attempt to hide the fact that you 
have done so. These are probably the easiest 
sorts of restorations to make. Sometimes when 
this is done, the old part will be left in place 
unwired, for appearance’s sake, if it shows on 
top of the chassis. There is a fair chance that 
the set you restore may already have had such 
repairs in the past. If your main concern is to 
have a radio that works, you may want to do 
what some restorers do: replace all of the paper 
and electrolytic condensers in the set. ‘This is 
sometimes called “recaping.” Functional re- 
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pair lowers the value of your set somewhat, 
especially a classic-era set. 

Practical restoration involves making every 
attempt to make a repair that does not alter the 
look of the original. New components may be 
lurking in old cases, but they will look origi- 
nal. Wire, knobs, and other visible parts will 
be authentic looking, even if they are repro- 
ductions. Tubes will not only be of the correct 
type, but will date from the correct era as well. 
This is the most practical genuine restoration, 
and sometimes it is the only possible one. In 
the interest of the set’s history, keep a complete 
written record of all your work. You may wish 
to undertake a total restoration in the future, 
and your records will help you. Ifthe cabinet is 
refinished in a practical restoration, original- 
looking finishes and stains must be used. 

Total restoration means that only original 
parts or, if originals are not available, identical 
modern reproductions may be used. It may 
take years and several junked radios of the 
same type to complete a total restoration. It 
can be a lifetime project. 

Most restorers will make functional repairs 
or do a practical restoration, depending on the 
worth of the set. But whatever you do, keep 
careful records of your work. Consider keeping 
removed parts with restored sets. At some fu- 
ture date, you might upgrade a set from a 
functional repair to a practical restoration, and 
the original parts will be useful. 
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MV 7 
VVVUIVY Finding the Problem 


If you have reached this chapter, you probably 
have run into some problems. Do not despair! 

If you can obtain a circuit diagram for your 
radio, it will be of help (see Your Electronics 
Shop, Chapter 12, for assistance). If you do 
not have a multitester (volt-ohm milliam- 
meter), you probably will want to get one. This 
chapter and the next will help you understand 
the various circuits and parts and their prob- 
lems. We will attack the problem, systemati- 
cally. 

It may help you to know the probability of 
failure of various parts. Service literature esti- 
mates that at least two-thirds of all receiver 
troubles in modern tube-type radios result 
from tube failure, so this is the first area to 
check. Of the remaining third of receiver trou- 
bles, bypass, filter, tone, and other condensers 
operating at high voltage account for 12 per- 
cent; transformers of all types account for 8 
percent; resistors, particularly those operating 
at high temperatures, for 5 percent; switches 
for 5 percent; loudspeakers for 2 percent; and 
miscellaneous for 1 percent. 

In radios that have been stored a long time, 
the failure of condensers and any part subject 
to corrosion, such as wire-wound resistors, 
volume controls, and switches, greatly in- 
creases. Electrolytic filter condensers will have 
deteriorated badly, and other paper condensers 
will have dried out to some degree. Tubes, on 
the other hand, last a long time because their 
working parts are contained in a vacuum. 


Basic Troubleshooting 


When troubleshooting a radio, check the basic 
voltages first. Even without a circuit diagram, 
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you can guess what these should be. You have 
filament or heater voltage if the tubes light. On 
R.F’. amplifier tubes, the plate (B + ) voltage is 
between 45 and 200 volts, with battery sets 
having the lower voltages. A triode detector 
usually has a low B+ voltage. On battery sets 
that voltage may be as low as 22. Audio stages 
will require B voltages of 67 to 250 volts, with 
battery sets again having the lower voltage. A 
circuit diagram will give you more specific 
information. 

If voltages seem close to normal, it is best to 
start with the last audio stage, prove that it 
works, and then move stage by stage back 
toward the antenna. Lacking a tube tester, you 
still may be able to find a faulty tube in this 
way. This step in troubleshooting requires 
some source of signal. In the audio stages an 
audible signal is needed. Often a screwdriver 
or a finger touching the control grid will pro- 
vide enough hum for a test. For R.F. and 
detector stages, a suitable R.F. signal is 
needed. Sometimes touching a grid with a bit 
of metal produces an audible click. It is better 
to use some regular source of signal, however. 
Chapter 12, Your Electronics Shop, will help 
you with the possibilities here. 

One particularly annoying problem is the 
intermittent fault—the radio works only part 
of the time. When tracking an intermittent 
fault, note what happens when the set goes 
bad. Try to guess from the symptoms which 
section is causing the trouble. Almost any part 
in a section can cause intermittent operation. 

Some intermittent problems are related to 
heat sensitivity, and trouble appears when the 
set is warm. Warm your set thoroughly, and 
trace the problem when it occurs. Often inter- 
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FIRST—You are told and shown how to doit. 


WANT TO EARN MORE MONEY? 


Have you ever dreamed of holding down a 
steady, good pay job? Have you ever dreamed 
of doing the work you really like in a job that 
holds promise of a real future inthe yearsahead? 

Well, we all know that you can’t get the good 
things in life by just dreaming about them. 
Hundreds of fellows are today holding down 
mighty fine jobs with prospects of a bright 
future. They are filling these jobs because they 
had the foresight to equip themselves with the 
right kind of training. Most of these men 
were only average fellows a short time ago, but 
the proper training helped to lift them out of the 
low pay ranks of unskilled workers. The same 
opportunity is now offered to you. 

The great fascinating field of RADIO offersareal 
future to many men and young men whoare will- 
ing to prepare for a place in this giant industry. 

Here at my school in Chicago, the world’s 
Radio Center, you can get 12 weeks’ Shop 
Training in RADIO AND TELEVISION, that 
can help give you your start towards a better job. 

You will be trained on actual equipment and 


VLL FINANCE YOUR TRAINING 


You can get this training first—then pay for it 
later in easy monthly payments, starting 60 
days after your 12 weeks’ training period is 
over — then you have 12 months to complete 
your payments. 

If you need part time work to help out with 
expenses while training in my shops, my employ- 
ment department will help you get it. Then 
after graduation this department will give you 
valuable lifetime employment service. 

Send the coupon today for all details. 
When I get it I’ll send you my big free book 
containing dozens of pictures of students at work 

H. C. LEWIS, President 


COYN E ELECTRICAL 


ADIO DIVISION 
500 S. Paulina St., Dept. .29-8H, Chicago 


Practical WORK 


IN MY 


CHICAGO SHOPS 


THEN—You do the job yourself. 


machinery and because of our method of training, 
you don’t need previous experience or a lot 
of education. Many of my successful graduates 
never even completed Grammar School. 


PRACTICAL WORK at COYNE in CHICAGO 


ACTUAL, PRACTICAL WORK. You buildand 
service radio sets. You get training on Real Broad- 
casting equipment. You construct Television 
Receiving Sets and actually transmit your own 
Television images over our Television equip- 
ment. You work on real Sound equipment. You 
learn Wireless Operating on Actual Code Practice 
apparatus. We don’t waste time on useless theory. 
We give you the practical training you'll need 
for your start in Radio, in 12 short weeks. If you 
desire code, this requires additional time for which 
there is no extra charge. I also include instruc- 
tion in Electrical Refrigeration at no extra cost. 
Our practical shop methods makeiteasiertolearn 
—First theinstructors tell you how athing should 
be done—then they show you how it should be 
done—then you do the actual work yourself. 


Ever. 

as g7t! 
'S Stat, 

Ure, 


in my shops. I’ll also tell you about my ‘*Pay 
After Graduation’’plan, how many earn while 
learning and how we help our / FHS, 
students after graduation. i 

Fill in, clip coupon, mail it ijl 

today for your start toward Migi7> 
a brighter future. — 


H. C. LEWIS, President 
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: 500 South Paulina Street, Dept. 29-8H, Chicago, Ill. 3! 
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Radio instruction courses, both resident and (more often) by correspondence, were advertised in radio and 


science magazines from nearly the beginning of radio. This ad for Coyne Electrical School was seen in Radio- 
Craft, February 1939. 
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Triplett 1946 model 2432 R.F. generator. 


mittent problems are vibration-sensitive as 
well. ‘Try tapping or wiggling the leads. 
(Swearing at the set may also produce some 
action. ) 

Another common cause of intermittent op- 
eration is corroded solder joints. These often 
can be found by examining and wiggling the 
wires. Once found, the joint can. be resol- 
dered. Bad switch contacts can act up inter- 
mittently, a common problem in old sets. 
Working the switch or wiggling its shaft often 
exposes the fault. Even tubes may give trouble 
when they are warm. Tapping them often 
exposes the fault. 

An important aid in finding and fixing prob- 
lems is knowing the problems that accompany 
different types of receivers. The causes for the 
problems in each of the following sections are 
listed in approximate order of frequency, with 
the first item under each problem the most 
likely cause, and so on. Not every solution 
applies to every set, of course, since a particu- 
lar radio may not have the part mentioned. 


Common Problems 


PROBLEM: Receiver completely dead. 

- Defective tube or tubes. 

- Defective power supply. (See following sec- 
tions on receiver type.) 

- Bad tone condenser between plate of output 
tube and ground. 

- Open cathode resistor in power amplifier 
tube circuit. 
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Westinghouse 1954 model H-397TS maroon plastic 
five-tube AC/DC clock radio. A plug on. the back 
allows a coffee maker or other appliance to be plug- 
ged in. 


- Bad output transformer. 
- Bad voice coil in loudspeaker. 


PROBLEM: Receiver makes some sound, but 

no station is received. 

- Weak or bad tube, probably in R.F. or de- 
tector section. 

- Defective filter or bypass condensers re- 
ducing B voltage. 

- Defective A.F. coupling condenser. 

- Oscillator or converter in superheterodyne 
receiver not functioning properly. Try a new 
tube. 

- Short-circuited tuning condenser. Look for 
dirt or bent plates. Often radio works over 
part of dial. 

- Tuned circuits out of alignment. 

> R.F., LF., or A.F. transformer open or 
shorted to ground. 

- Open-plate load resistance in audio tube. 

- Antenna terminal or coil short-circuited to 
ground. 


PROBLEM: Received stations are weak. 

- Check sections noted under the preceding 
problem. 

- Inefficient antenna system. 

- Open antenna coil. Try feeding antenna di- 
rectly to grid of first R.F. tube or mixer. 

- Weak magnet in permanent magnet (p.m.) 
speaker or field coil in electrodynamic 
speaker. 
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PROBLEM: Excessive hum. 

- Difficulty in power supply. (See receiver type 
below. ) 

- Open-control grid circuit in audio stage. 

- Cathode to heater short in a tube. 

- Bad tube, often a gassy rectifier or output 
tube, identified by a distinct purple glow in 
the tube. 


PROBLEM: Motorboating (putt-putt sound), 

or oscillation (squeal), or distorted sound. 

- Bad bypass or A.F’. coupling condenser. 

- Open volume control resistance element. 

- Tube shield(s) missing or not making good 
contact with base. 


Battery Receivers 


PROBLEM: Radio completely dead. ‘Tubes do 

not light even with volume control turned up. 

- Batteries dead. Check voltages with set 
turned on. 

- Bad wires from the A battery. 

- Bad rheostat (volume control). Often the 
volume in old battery sets was controlled by 
varying’ the filament voltage. 


PROBLEM: ‘Tubes light but radio produces no 

sound. 

- B voltage is missing. There may be a bad 
battery or bad wiring from a battery. You 
may also apply any diagnosis listed .11nder 
Common Problems when the receiver 
makes some sound, but no program is re- 
ceived. 

- Open grid circuit in A.F. caused by bad C 
battery. Check the C-battery voltage. 


AC Receivers 


Beware of high AC and DC voltages in these 
receivers. Be careful when working inside the 
chassis. 


PROBLEM: Radio completely dead. Tubes do 

not light even after some time. 

- A bad line cord, blown fuse, or bad switch. 
Open circuit before power transformer. 

- Faulty power transformer. 


PROBLEM: ‘Tubes light up but radio produces 

no sound. 

- B voltage missing or too low. Remove recti- 
fier tube and check high voltage winding of 


57 


power transformer. If this is satisfactory, 
check all parts of power supply. If these are 
satisfactory, check for defective bypass con- 
densers or a short circuit from B+ _ to 
ground. 


PROBLEM: Excessive hum. 

- Filter condensers that have lost their capac- 
ity. 

- Short circuit or open circuit in one-half of 
high voltage winding of power transformer. 

- Shorted filter choke or speaker field coil. 


PROBLEM: Crackling or sputtering noise. 

- Defective transformer or choke winding. 
The cause may be an arc between a winding 
and the metal of the transformer. This may 
be accompanied by a smell of ozone or of 
scorching. If so, the transformer is ruined. 
To test, turn off receiver, remove all tubes, 
including the rectifier, and turn on set. Note 
if arcing can be seen or a sizzling noise 
heard. If not, insert rectifier tube (turn off 
the set to insert the tube, then turn it on) and 
measure voltage across each half of the high- 
voltage winding. If the winding is bad, the 
meter will change voltage when arcing oc- 
curs. Each winding may be tested in the 
same way. 

- Defective bleeder resistance. Arcing between 
the windings of a wire-wound resistor or 
across a cracked carbon resistor can cause 
noise. You may be able to see arcs in a 
darkened room. 


AC/DC Receivers 


Beware: In many cases the chassis of a low- 
priced radio is connected to the power line 
directly or through a resistor and condenser. If 
the plug is plugged into the wall in one way, 
the chassis has 115 volts on it and is danger- 
ous. (Remember that nonpolarized plugs were 
used in antique radios.) If you must work on 
one of these with the chassis out of the case, 
use an AC voltmeter to check the voltage from 
the chassis to a reliable ground. If it reads 115 
volts, reverse the plug in the wall and check 
again. The safest way to work on these sets is by 
using an isolation transformer (see Chapter 12, 
Your Electronics Shop). Upon examining F'ig. 
7-1, you will see that the filaments are con- 
nected one right aftér another, in a series, 
directly to the wall outlet. In the AC power 
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To Woll 


Tube Filaments in Parallel 


Outlet 
Rectifier Tube 
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AC = B+ 
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On-Off = 
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Power 
Transformer 


Filament Winding 
for Rectifier Tube 


(A) A-C Set 


To Wall 
Outlet 


Tube Filaments in Series 
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12SQ7 


On-Off Switch 


(B) A-C/D-C Ser 


FIG. 7-1 Parallel filaments isolated from line and AC-DC filaments in series on line (from Markus). 


supply, both the high voltages and the fila- 
ments are isolated from the wall outlet. 

The B— or ground side of the power supply 
is likewise connected to one side of the power 
line. There will be some connection to the 
chassis for reasons of shielding. This can make 
the chassis dangerously hot. See Fig. 11-2 for 
schematic diagram of how this works. 


PROBLEM: 

do not glow. 

- Heater of one or more tubes is burned out. 
Tube heaters are connected in a series, so 
none will light if one is bad. 

- Switch or line cord faulty. 


Radio dead. Tubes and pilot light 


RADIO-ALARM OFF 
RADIO- SWITCH 


SLEEP 
SWITCH 


VOLUME 
CONTROL 
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TUNING 
CONTROL 


- Defective ballast resistor. Early AC/DC re- 
ceivers have a resistor in series with the 
heaters. It may be a power resistor, a resist- 
ance tube looking much like a regular tube, 
or a special line cord with a third resistance 
wire built in. 


PROBLEM: 

work, 

* Tube is bad. 

- B+ is low or lacking throughout receiver, 
exposing a bad power supply. The problem 
may be a bad rectifier, filter resistor or 
choke, filter condenser, or shorted bypass 
condenser. 


Tubes light but radio does not 


SET ALARM 
CONTROL 


FIG. 7-2 Typical clock radio layout. 
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- There is no plate or screen-grid voltage on 
one tube. Most often this means a faulty I.F’. 
or audio transformer or a bad plate load or 
screen resistor. 


PROBLEM: Pilot lamp does not light but re- 

ceiver works. 

- Bad pilot light. Replace with one with the 
correct number. 

- Bad pilot lamp socket. 


Clock Radios 


PROBLEM: Radio does not work but clock 

works. 

- The clock switch is not turned on (see Fig. 
7-3). The left knob must be turned to radio. 

- Any diagnosis of problems of this type in the 
above sections may apply. Most clock radios 
are in AC/DC chassis. 


PROBLEM: Radio works but clock does not. 

- Clock gears plugged with dust. Clean with 
compressed air and degreaser spray. 

- Clock motor has failed. Most of these are 
sealed Telechron movements that are not 
repairable. A clock repair shop can get a new 
movement for a reasonable price. 


PROBLEM: Neither clock nor radio work. 

- Power not reaching clock. Check wiring to 
the clock: the radio receives power from the 
clock. 

- Both clock and radio may have the problems 
listed previously. 


MINUTE 
INDICATOR 


HOUR 
INDICATOR 


FIG. 7-3 Clock controls on typical 
clock radio. 
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Output and Speaker 


PROBLEM: No sound, although tubes light 

and B voltage is normal. 

- Faulty speaker. Try another speaker. Any 
permanent magnet (P.M.) speaker can be 
used to test another P.M. or field coil 
speaker. If testing a field coil speaker, leave 
the field coil connected to the old speaker 
but shift the voice coil wires. If the new 
speaker works, check the voice coil leads 
carefully. Test the voice coil with an ohm- 
meter; it should have a low but measurable 
resistance (3 to 2 ohms). If the set is on and 
the field coil has electrical power, and you 
hear a click when you touch the voice coil 
terminals with your ohmmeter leads, the 
speaker is good. Chapter 12 shows how to 
build a test speaker. For repair information, 
see Chapter 8. 

- Open primary winding on output trans- 
former. This will show as no plate voltage on 
the output audio tube. This can be tested 
with an ohmmeter (with the power off) or 
with the test speaker. 

- Open or shorted secondary winding on out- 
put transformer. If winding is open, it will 
have high resistance when the speaker 1s 
disconnected. If it is shorted, it probably will 
allow some sound through. A good output 
transformer will have a primary winding re- 
sistance of around 100 ohms and a secondary 
winding resistance of about one ohm. 

- Tone condenser shorted. This will show as 
low or no voltage on the plate of the output 
amplifier tube. 


ALARM DIAL 


SECOND 
INDICATOR 
ALARM SET 
INDICATOR 


CU 
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Mew 1950 ++ MODEL V-4A 


VIVM KIT 


HAS EVERY EXPENSIVE Featu 


* Higher AC input impedance, (greater than 1 megohm at 1000 cycles). 
New AC voltmeter flat within 1 db 20 cycles to 2 megacycles (600 


ohm source). 

New accessory probe (extra) extends DC range to 30,000 Volts. 
New high quality Simpson 200 microampere meter. 

New 12% voltage divider resistors (finest available). 

24 Complete ranges. 

Low voltage range 3 Volts full scale (3 of scale per volt). 
Crystal probe (extra) extends RF range to 250 megacycles. 
Modern push-pull electronic voltmeter on both AC and DC. 
Completely transformer operated isolated from line for safety. 
Largest scale available on streamline 412 inch meter. 

Burn-out proof meter circuit, 

Isolated probe for dynamic testing no circuit loading. 


+ % + + HO HE HHO 


New simplified switches for easy assembly. 


The new Heathkit Model V-4A VIVM Kit measures to 30,000 Volts 
electronic instrument more useful than ever before. The AC voltmete 
expensive AC VITVM’s. + or — db from 20 
scale for quick FM alignment. 


There are six complete ranges for each function. Four 
functions give total of 24 ranges. The 3 Volt range allows 
333% of the scale for reading one volt as against only 
20% of the scale on 5 Volt types. 

The ranges decade for quick reading. 

New 15% ceramic precision are the most accurate com- 
mercial resistors available — you find the same make and 
quality in the finest laboratory equipment selling for thou- 
sands of dollars. The entire voltage divider decade uses 
these 1% resistors. 

New 200 microampere 414” streamline meter with Simpson 
quality movement. Five times as sensitive as commonly 
used 1 MA meters. 

Shatterproof plastic meter face for maximum protection. 


Both AC and DC voltmeter use push-pull electronic volt- 
meter circuit with burn-out proof meter circuit. 

Electronic ohmmeter circuit measures resistance over the 
amazing range of 1/10 ohm to one billion ohms all with 
internal 3 Volt battery. Ohmmeter batteries mount on the 
chassis in snap-in mounting for easy replacement. 


Voltage ranges are full scale 3 Volts, 10 Volts, 30 Volts, 


it with all others and you will buy a Heathkit. Model V-4A. 
Shipping Wt., 8 lbs. Note new low price, $23.50 


EXPORT DEPT. 


13 East 40th St. 
NEW YORK CITY (16) 


CABLE: ARLAB—N.Y. 


Low PRICE $233°° 


cycles to 2 megacycles. Meter has decibel ranges for direct reading. New zero center on meter 


R , 
100 Volts, 300 Volts, 1000 Volts. Complete decading cov- Fave R OBE KIT f 
erage without gaps. Coystal diode probe kit extend 
The DC probe is isolated for dynamic measurements. Negli- With aos = 10% ebiies pay te 
gible circuit loading. Gets the accurate reading without cable and pis ¢7St2l, plete 
disturbing the opersfon of pe instrument under test. Kit Plug. type j | 
comes complete, cabinet, transformer, Simpson meter, test No. 309 RF - z \ 
leads, complete assembly and instruction manual. Compare Shipping We pee Kie $ 50 : . 
eee | 


YOU SAVE BY ORDERING DIRECT FROM MANUFACTURER-USE ORDER BLANK ON LAST PAGE 


Jee HEATH CORMPAARAY 


DC and 250 megacycles with accessory probes — think of it, all in one 
t is so flat and extended in its response it eliminates the need for separate 


safety. Co 
Plug. 


0. 3 . 
Probe 1 High Voltage 
Shipping We. 

2 pounds, 


$550 


Weathhig~ 


asain 


bi 


Popular Heathkit vacuum tube voltmeter kit, a ver 
September 1950. 
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...BENTON HARBOR 20, MICHIGAN 


y good value in 195]. As seen in Radio-Electronics, 
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General Electric 1956 model 
C415A clock radio with black face 
on white cabinet. 


Motorola 1960 model C4B-1 43 
five-tube AC/DC clock radio in 
two-tone blue and white with gold 
trim. 


Sylvania 1952 model 542CH char- 
treuse plastic five-tube AC/DC 
clock radio. Also available with dif- 
ferent model numbers in green 
(542GR), brown (542BR), red 
(542RE), yellow (542YE), black 
(541B), mahogany (541M), and 
ivory (541H) plastic. 
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of speaker with set on, as in Fig. 7-4. Pull of 
magnet should be strong. Test with another 
speaker, following the procedure above for 
faulty speakers. 

* Weak permanent magnet (P.M.) speaker 
magnet. Test with screwdriver as shown. Try 
another speaker. 

* Partially open voice coil. Try another 
speaker. Test with ohmmeter. 


FIG. 7-4 Testing loudspeaker magnet strength. PROBLEM: ’ Raspy sounds. 
* Metal filings or debris in gap where voice 
coil moves; see Chapter 8. 
- Cone warped and off-center; see Chapter 8. 


PROBLEM: Weak volume. PROBLEM: Rattling sounds. 
* Shorted or open field coil. Test with ohm- + Loose cone or center mount. Glue or tape to 
meter with radio off. Coil should be several secure. 


hundred ohms. Test pull of magnet at center + Cone warped and off-center; see Chapter 8. 
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Once you have identified the basic problem 
with the aid of the previous chapters, you must 
identify the particular part in the “stage” (the 
tube or section) of the radio that is giving the 
trouble. 

Beware: Unless you are testing for voltages, 
all work in the chassis should be done with the 
power off. No soldering or resistance checking 
should be done with power on. ‘Test compo- 
nents should be added to a set with the power 
off. There is only one exception to the power- 
off rule: when you parallel a condenser or re- 
sistor that may be open with a good one, you 
can touch the wires from the test unit to the 
wire leads on the one to be checked without 
touching either lead. (Holding the insulated 
body of the part is okay.) Having the set pow- 
ered in this case allows you to hear the differ- 
ence the new part makes. Before doing a resist- 


2°5 OR 6:3v. 


FIG. 8-1 Circuit diagram of AC power supply. 
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8 Wd9900M 
Fixing the Problem DOW 


ance check on a part that may be faulty, 
disconnect all except one of the wires going to 
the unit. 

The problem of finding replacements can 
be a test of patience; Chapter 12 will help. 


Testing Power Supplies 


The largest share of the problems faced are in 
the power supply, so let us start here. 

See Fig. 8-1 for the circuit diagram of a 
typical AC power supply. Other power sup- 
plies are similar, and the AC/DC supply has 
many of the same difficulties. 

Alternating current from the household 
power line is transformed by the power trans- 
former into the necessary high-voltage AC for 
the rectifier. It also provides the low voltage 
necessary to operate the filament of that type 


30H.-100MA. 


Y~ ay 


15,000 OHM 


80 rectifier, and the voltage necessary for the 
filaments of other tubes in the set. By taping 
the high-voltage winding of the power trans- 
former at the center and grounding that center 
for B—, the alternating current in the high- 
voltage coil will switch back and forth from 
+ 350 volts at the top and — 350 volts at the 
bottom to — 350 at the top and +350 at the 
bottom of the high-voltage winding. Since the 
rectifier has two plates connected to opposite 
ends of the winding, one plate is always posi- 
tive with respect to the filament of the rectifier 
and draws electrons from the filament (cath- 
ode), whereas the other plate, being negative, 
does not. Thus, one plate draws current at all 
times. The current drawn from the filament 
causes the filament of the rectifier to appear 
positive, for it has a shortage of electrons with 
respect to the center tap, which is B—. 

We now have an electrical current traveling 
in one direction, since the filament is always 
positive. We have obtained DC from AC. 
However, the DC is not even: it has a ripple 
corresponding to the waveform of the original 
AC, as can be seen in Fig. 8-2. 

This ripple sounds like a 120-hertz hum in 
the receiver. To eliminate it, add a filter con- 
sisting of two or more electrolytic condensers 
and one or more filter chokes. The power 
supply illustrated in Fig. 8-2 has two chokes 
and three condensers. In this high-quality 
supply, condensers of 2, 4, and 8 mfd. are 
used with chokes of 30 henrys (H) each. Since 
these chokes are designed to pass 100 mil- 
liamps (ma.) or .1 amperes, we know this is a 
supply for a rather large receiver. The con- 
denser-choke filter resists variations in the DC 
applied to it, averages the variations, and gives 
a smooth output to the B+ lead. Some power 
supplies use a resistor and higher-capacity con- 
densers instead. Often several condensers are 
contained in the same case in a radio but are 
shown separately on the circuit diagram. 

The power supply illustrated has another 
feature not usually found in receiver power 
supplies—an electrostatic shield in the power 
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FIG. 8-2 Power supply ripple (DC). 
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transformer. In high-quality equipment, this 
reduces interference from the AC line. The 
power supply also is shown with a voltage di- 
vider bleeder resistor, splitting the voltage 
down to 200 volts, 100 volts, and 50 volts for 
different parts of the receiver. Almost all re- 
ceivers use voltage dividers to obtain the de- 
sired voltage; most diagrams do not show them 
together like this one does. Note too that the 
three-voltage taps have their own capacitors 
(condensers), which bypass audio or radio sig- 
nals around the power supply to ground to 
keep them from interfering with each other. 
Every radio uses such bypass condensers to 
isolate stages from each other. Because they 
often start leaking, or passing DC through 
them, they are a common source of low-volt- 
age or failed power supply. 

Now here are the problems: if the B voltages 
throughout the radio seem low, you need to 
decide if the problem is in the power supply, or 
if the radio is demanding more power than the 
supply can give. 

To make that decision, look at a more obvi- 
ous problem. If there is a noticeable hum in 
the receiver, you probably have a problem 
with one of the filter condensers. Sometimes a 
condenser not only will lose its capacity to 
filter but also will develop an internal partial 
short circuit and draw too much power. If one 
of the condensers becomes warm to the touch, 
this is likely to be the problem. ‘Test by substi- 
tuting a good condenser. 

If the voltages are okay but there is hum, 
simply place in the new condenser parallel 
with the old. The hum should be reduced 
greatly if the old filter was dried out. 

When replacing a filter condenser, remem- 
ber that high voltage exists on its positive con- 
nection. Remember, also, to wire the test con- 
denser with the same polarity (+ to + and — 
to —). If you wire an electrolytic condenser 
backwards, it will be destroyed immediately. 

Checking the filters will reveal many low- 
voltage and hum problems. Remember that 
your test or replacement condenser should 
have the same or higher capacity and the same 
or higher working voltage. 

A difficult problem to spot is a power supply 
that does not provide voltage to the set high 
enough for it to operate properly. It is some- 
times hard to know what the B+ voltage 
should be for the set without a circuit diagram, 
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but it should be well over 100 volts in an AC 
set, and more than likely in the range of 250 
volts. 

If the set does not work well, and low voltage 
seems to be present at the third filter con- 
denser, you need to discover if the problem is 
in the power supply or in the radio itself. Do 
this by measuring the voltage at that point and 
writing it down. Turn off the radio. Discon- 
nect the main B+ wire to the radio and turn 
on the power supply. The voltage at that point 
should now be higher than before, but not by 
more than about 30 percent. If the voltage at 
this point rises sharply, then something in the 
radio itself is drawing more current than the 
power supply can provide. 

If this voltage does not rise much and still 
seems too low—for example, under 200 volts 
for an AC supply using a power transformer— 
you have a weak power supply. One cause may 
be a poor rectifier tube. After long use, recti- 
fiers lose the ability to pass enough electrons to 
supply sufficient current. The only repair is 
replacing the tube. If the voltage of the supply 
seems low when the B + lead is reconnected to 
the rest of the radio, check the voltage at the 
first filter (2 mfd.) and compare it with that at 
the output of the supply. If your power supply 
uses a filter choke—a large metal case that 
looks like a transformer—there should be no 
more than a 15 to 30 volt drop across it. If the 
drop is high—60 or more volts—either your 
receiver is drawing too much current or, less 
likely, you have a bad filter choke. If the volt- 
age drop across the chokes is very low and the 
overall voltage to the set is low, the rectifier 
tube is likely to be at fault. 

What if there is no high voltage at all? If you 
get nothing at the output of the filters, check to 
see if there is anything at each of the preceding 
filters. If nothing is there, remove the rectifier 
tube and measure the AC voltage at the plate 
pins on the socket. Measure each side to the 
center tap. The two voltages should be within 
10 percent of each other and should be some- 
where from 125 to 350 volts AC. If there is no 
voltage here, check to see if the tubes are lit. If 
they are lit, there is trouble in the high-voltage 
winding of the power transformer. If they are 
not lit, there may be transformer trouble or a 
problem in the wiring preceding it. Resistance 
testing, with the plug pulled, should help you 
find the problem. 
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You can check the voltage at each winding 
of the power transformer. If only one is miss- 
ing, there is a fault in the power transformer. 
Direct replacements are not easy to find but 
the fault may not be too bad. Find where the 
wires go into the transformer. Sometimes they 
will connect to a metal terminal and break at 
that point. If there is no break, the transformer 
may need to be rewound, which is no job for a 
beginner. It is best to look for a replacement. 
Although expensive, replacements are avail- 
able from several sources. You may be able to 
get one from another old radio with a similar 
number of tubes. If you suspect a faulty trans- 
former, disconnect the suspected winding 
completely and check it with the ohmmeter of 
your multitester. Fig. 8-13 shows the average 
DC resistance in a good transformer. 

If the resistance is much higher—for exam- 
ple, ten times higher—you probably have a 
bad winding. If a power transformer is bad, a 
new unit can be substituted if you know the 
rating of the old one, but your set will be less 
authentic. Filter chokes also can develop an 
open winding, since a filter choke is really a 
transformer with a single winding. If there is 
no voltage following a filter choke, turn off the 
power, disconnect one lead, and measure the 
resistance: it should be somewhere between 15 
and 250 ohms. It is a good idea to check the 
resistance of the transformer and choke wind- 
ings to ground as well. Center taps on power 
transformer windings that are connected to 
ground will have to be disconnected, of 
course. With the winding completely discon- 
nected, the resistance to ground should be so 
high as to be almost immeasurable. A faulty 
filter choke can be replaced with a power resis- 
tor of at least five-watt power capacity and 
about 500 ohms of resistance. Chokes, like 
transformers, can be rewound. 

Some receivers have a selenium rectifier 
(Fig. 8-3). These usually were used in battery, 
AC/DC portables. Problems with selenium 
rectifiers show up as an excessive hum or no 
B+. They cannot be fixed but they can be 
replaced with modern silicon diodes of at least 
400-volt peak inverse voltage rating and one- 
amp capacity. Selenium rectifiers are damaged 
easily when too much current is drawn from 
them. If the filters are bad in a set with a 
selenium rectifier, the rectifier likely has been 
damaged as well. 
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FIG. 8-3 Selenium rectifier. 


Triode Amplifier Problems 


The reasoning we have used in looking at a 
power supply applies throughout a radio. If 
you understand how the section or stage of a 
set works, you will be able to figure out why it 
does not work. Let’s look at several basic re- 
ceiver parts to see what is happening. 

The key part is the vacuum tube. Essen- 
tially, a vacuum tube does one of two things: it 
rectifies (that is, acts as a one-way valve) or it 
amplifies (controls the amount of current flow- 
ing through it). We have seen how rectifica- 
tion works in our examination of power supply 
problems. 

Let’s examine how voltage amplification 
works in a tube. V1 in Fig. 8—4 is a simple 
triode tube. For more about triodes, see Chap- 
ter'2) 

In this circuit condenser, Cl prevents any 
DC from the previous tube or stage from get- 
ting to the grid of V1 and is called a coupling 
of blocking condenser. The AC signal, shown 
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FIG. 8-4 Basic triode amplifier circuit. 
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by the small sine wave above the input, passes 
through Cl to the grid. When the signal is on 
the top side of the line, it is positive in voltage 
and thus causes more electrons to flow from 
the cathode of V1. If there were no current 
Howing through V1, the plate would have 200 
volts on it. If current flows (because the grid is 
more positive), current will flow through R3 
and the plate of V1; that is, the top side of R3 
will have a lower voltage (maybe 170 volts) 
because of the voltage drop across R3. That is 
why the larger sine wave of the signal above is 
the reverse of the input signal, as well as larger. 
Let’s say that the input signal varied from + 1 
volt to —1 volt and the output varied from 
+200 to +170. When the input voltage is 
— | volts, less or no current will flow, and the 
plate of V1 will have close to 200 volts on it. A 
two-volt variation on the input grid (—1 to 
+ 1) results in an output variation of 30 volts 
(+170 to +200). That is an amplification of 
15 times. The 30-volt change is passed to the 
next stage through a coupling condenser. After 
the condenser, the voltage will measure from 
zero to + 30 volts. 

Some necessary parts remain to be exam- 
ined. Resistor R1 keeps the average voltage on 


_ the grid of V1 at ground or zero voltage. It is 


usually of medium value (around 470,000 
ohms) and also prevents a major build-up of 
extra electrons attracted from the cathode to 
plate flow in V1. These electrons are drained 
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off through R1, so that it does not become so 
charged with electrons as to cut off entirely the 
flow through the tube. 

Two things can go wrong with the input to 
V1. IC] leaks current from the previous tube 
(as if it had a parallel resistor), then Cl be- 
comes a voltage divider with R1, and the tube 
has a positive voltage on the grid, since the left 
side of Cl has a varying positive voltage. A 
positive voltage on the V1 grid causes it to 
conduct too much current and_ generally 
causes the tube to operate inefficiently. The 
usual symptom of a tube that badly distorts is 
poor sound quality or overheating. The plate 
in an output power tube may get red hot if the 
input condenser is leaky. If resistor R1 changes 
value, some change of sound quality may be 
noticed, but the tube will operate. If R1 should 
open—that is, act like it is not there at all— 
electrons will collect on the grid from the 
cathode to plate flow, the grid will block, and 
the tube will not conduct a current. After a 
while the electrons will leak off and the tube 
will start to amplify again, only to block a bit 
later. This leads to the putt-putt sound called 
motorboating. If this happens to a radio you 
are trying to fix, look for an open grid resistor. 
That resistor may be a volume control, but it is 
connected directly to the grid of the tube. 

We also have R2 and C2. When the tube 
draws current, that current flows through R2 
as well as R3. When it flows through R2, 
which has its other end connected to ground, 
there is a shortage of electrons at the top of R2 
in relation to the bottom of R2. In a typical 
voltage amplifier the top of R2 might be about 
+2 volts. Now, notice that the grid is con- 
nected to the cathode through R1 and R2, 
both of which go to ground. The two (and all 
other) grounds in the circuit are connected. 
Thus, the cathode is +2 volts if examined 
from the grid of V1, or the grid is —2 volts 
(more negative) if examined from the cathode. 

Usually you will want the grid to be negative 
in a class A amplifier. It needs to be negative 
enough so that the signal input voltage never 
causes it to go positive with respect to the cath- 
ode. In this tube the —2 volt grid voltage is 
combined with the input signal of —1 to +1 
volts, to give us a signal voltage measured from 
the cathode of the tube of —1 to —3 volts. 

This is not so negative that it blocks the 
tube. If R2 should change resistance value, the 
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tube’s operation would be affected somewhat. 
If R2 should open (have infinite resistance), 
the tube will not operate. The same is true if 
R3 should open. The condenser C2 is used to 
allow variations in voltage to ow around R2; 
it bypasses the changes that follow the signal, 
so none of the signal is lost across R2. If C2 
should short-circuit, the tube will operate inef- 
ficiently, and probably will have distortion and 
sound badly. If C2 should open, the tube’s 
amplification will be somewhat less but will 
operate normally. Sometimes C2 is omitted 
entirely from a circuit. 

The type of bias used in Fig. 8-4 is called 
cathode bias and is shown in Fig. 8—5, exam- 
ple B. There are other ways of deriving the 
necessary negative bias on the tube. Fig. 8—5 
example A shows battery, or fixed, bias, which 
seldom is used in AC-powered sets. Its opera- 
tion is self-explanatory. Fig. 8-5 example C 
shows an example of grid leak bias. It works 
this way: The electron stream from the cath- 
ode to the plate causes some electrons to col- 
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FIG. 8-5 Tube bias methods (illustration courtesy 
of American Radio Relay League). 


FIXING THE PROBLEM 


lect on the grid of the tube. By correctly se- 
lecting the value of Rg, we allow them to leak 
off slowly. Rg is a very high resistance, usually 
3 to 10 million ohms. Condenser Cg serves to 
keep the electrons on the grid while passing the 
signal from its input transformer to the grid of 
the tube. Grid leak bias is used seldom in later 
sets, since it is hard to adjust the bias correctly 
and the amplifier will have a good deal of 
distortion. Grid leak detectors are used in sim- 
ple circuits where distortion is not critical and 
high sensitivity is important. The bias is set 
negative enough that the tube cuts off the sig- 
nal entirely on part of the signal cycle and thus 
acts much like a rectifier. 


Output Amplifier Problems 


When you examine Fig. 8-6, you will see 
how a simple triode amplifier stage is coupled 
to an output tube, which provides the compar- 
atively high power needed to give volume to 
the loudspeaker. 

The left tube works exactly as it did for Fig. 
8—4, except that the grid resistor is replaced by 
the volume control (R1), acting as a voltage 
divider to select only a portion of the second 
detector output. The rest of the tube circuit, 
consisting of R2, Cl, and R3, was explained 
previously. 

The output tube is a tetrode type with two 
grids (see Chapter 2 for details on tetrodes). C5 
couples the output of the triode to the control 
grid (lower grid) of the output tube on the 
right. R5 and C2 work for this tube exactly as 
they do in Fig. 8—4. The second or screen grid 
is connected to high voltage through resistor 
R6. Since the screen grid is positively charged, 
it collects electrons from the cathode to the 
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FIG. 8-6 Two-stage A.F. amplifier circuit. 
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plate stream in the tube. That current causes a 
voltage drop in R6, giving it a somewhat lower 
voltage than the plate possesses. Condenser C3 
is a bypass condenser, which passes the varying 
part of the voltage across R6 to ground. If R6 is 
faulty the tube may oscillate (squeal) or be 
distorted. If C3 is open, the tube will work 
poorly and may oscillate also. If C3 is shorted 
(a more common occurrence), then the power 
supply for B+ will be overloaded and will 
have a lower voltage than normal or be dam- 
aged. R6 may also burn out. Anytime you find 
a burned resistor, look for nearby condensers 
that may be bad. 

This output tube, like most in small sets, 
has a tone condenser (C4) that is selected to 
reduce the high A.F. noise and distortion, 
producing a more balanced and mellow 
sound. In most receivers this condenser is con- 
nected straight to ground, but in Fig. 6-8 it 
connects to a tone control variable resistor 
(R7), which adds resistance in a series with C4 
reducing its effectiveness and thus increasing 
the treble or high end. If C4 should open, the 
tone will be harsh and irritating. If C4 is con- 
nected straight to ground and should short- 
circuit, there will be no sound, since the out- 
put tube’s plate voltage will be shorted to 
ground directly, and the B+ voltage will be 
low or the power supply may be damaged. The 
output transformer also may be burned out by 
the increased current. If you ever have a radio 
with a burned-out primary winding on the 
output transformer, the tone condenser is sure 
to be shorted out. 

The last parts in the circuit are the output 
transformer and the loudspeaker. The output 
transformer has many more primary than sec- 
ondary winding turns and reduces the rela- 
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tively high signal voltage to the low voltage (at 
higher current) required by the very light voice 
coil in the speaker. Output transformers are a 
frequent source of trouble in receivers because 
they carry a relatively high current in their 
primaries. Any transformer that carries a high 
current in either winding has a high chance of 
failure. 

The speaker turns an electrical signal into 
movement through the reaction of the chang- 
ing electrical field to the speaker’s magnetic 
field. That movement moves the cone, which 
converts the movement into sound waves in 
the surrounding air. There are many forms of 
speaker trouble, caused by failure of the small 
voice coil, by damage to the soft paper cone 
(usually by mice or mishandling), and by a 
warped cone (usually caused by moisture), 
which can lead to its rubbing at the voice coil. 


R.F. Amplifier Problems 


Fig. 8-7 shows an example of an R.F. pentode 
amplifier. Very few triode R.F. amplifiers 
have been used since the development of the 
tetrode and pentode tubes, little amplification 
can be obtained from the triode as an R.F. 
amplifier because of the internal coupling of 
signals in the tube. Fig. 8-8 shows why. The 
capacity between the plate and the grid (Cgp) 
and the grid and the cathode (Cgk), as well as 
the capacity between the plate and cathode 
(Cpk), is large enough to cause signal coupling 
inside the tube itself. Of these internal capaci- 
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FIG. 8-7 Typical R.F. amplifier. 
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FIG. 8-8 Interelectrode capacities in a triode tube. 


ties, the Cgp causes the most problems. One 
type of oscillator circuit, called the tuned 
plate-tuned grid oscillator, actually uses that 
internal capacity to make the circuit work. 

In the pentode-type tube (see Fig. 8—7), the 
second or screen grid is second up from the 
cathode. As far as signal is concerned, it 1s 
grounded (through C4). For that reason, it 
nearly eliminates the effect of Cgp, allowing 
much more amplification. 

The top grid, called the suppressor grid, is 
quite close to the plate and has the same po- 
tential (or voltage) as the cathode. It is rich in 
electrons and tends to push back into the plate 
any electrons knocked loose by the intense 
electron stream flowing through any high-am- 
plification tube. If not suppressed, these elec- 
trons will build up a space charge that will 
reduce the electron flow through the tube. 
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Zenith 1957 model BSO8R five- 
tube AC/DC radio in maroon plas- 
tic with white front. 


Emerson 1947 model 541 five-tube 
AC/DC radio in wooden cabinet. 
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Zenith 1951 chassis 5G41 black 
leatherette portable AM radio. 
When the cover is flipped, its back 
side becomes the dial. 
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Let’s see how a pentode R.F. amplifier 
works. L2 and L] make up an R.F. trans- 
former, which couples the high-frequency sig- 
nal from the previous tube or antenna to the 
control grid of the 6K7. This is usually an air 
core transformer, although it might have a 
powdered iron core. Variable condenser Cl 
tunes L] to select the frequency desired. Con- 
denser C2 and resistor R1 keep any R.F. signal 
out of the automatic volume control (AVC) 
circuit. See Chapter 1] on superheterodyne 
radios for an explanation of the AVC circuit. It 
is enough to say here that the AVC changes 
the negative bias on the 6K7, thereby varying 
its amplification. 

Resistor R2 and condenser C3 provide the 
basic bias and signal bypassing, the same as the 
triode amplifier did earlier in this chapter. Re- 
sistor R3 sets the correct screen grid voltage for 
the tube and connects to B+ (high voltage) 
from the power supply. Condenser C4 by- 
passes any signal voltage that might collect on 
the screen grid to ground and works as ex- 
plained for the tetrode power amplifier above. 

The suppressor grid is attached directly to 
the cathode of the tube (usually inside the tube 
itself). 

The plate of the tube is fed by B+ through 
the primary winding of the R.F. transformer 
made up of L3 and L4. The signal is passed 
from L3 to L4 to the next stage. L4 is tuned to 
the desired frequency by C6. Some R.F. am- 
plifiers do not use tuned coils so that they can 
pass the widest possible range of frequencies. 
Resistor R4 and C5 work as a filter, in the same 
manner as RI and C2, to keep any signal out 
of the B+ power supply circuit. Faults in R.F. 
amplifiers usually come from failed bypass 
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FIG. 8-9 Typical I.F. amplifier (illustration courtesy of American Radio Relay League). 
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condensers (C2, C4, and C5 in Fig. 8-7). If 
these become leaky, they overload the power 
supply and associated resistors. They also then 
cease to bypass signals to ground, causing os- 
cillation in the circuit or the failure of the 
circuit to amplify at all. The condition of the 
tube is more important in R.F. than in audio 
circuits and is often the cause of problems. 
The transformer winding L3, since it is carry- 
ing the plate current of the tube, can cause 
trouble. 


I.F. Amplifier Problems 


R.F. amplifiers are used a great deal in re- 
ceivers. The most common R.F. amplifier in 
old radios is the somewhat specialized I.F. 
amplifier. Again, see Chapter |] on receiver 
theory to understand how this I.F. is devel- 
oped and used. Fig. 8—9 shows a typical I.F. 
amplifier. When you look at it, you see a 
straightforward amplifier of the R.F’. type. 

As previously noted, vacuum tubes do two 
things: amplify and rectify. Rectification arises 
because electrons flow only from the cathode 
of a tube to a positively charged plate, not in 
the other direction. In the power supply dis- 
cussed at the beginning of this chapter, we 
used this effect to change the AC from the 
power transformer to the DC the receiver 
needs to operate. 

Fig. 8-10 shows another use for rectifica- 
tion—detecting an R.F. signal. Often called a 
demodulator, the diode is the detector circuit 
of choice in most later receivers because it has 
very low distortion. Its weakness is that it re- 
quires a relatively strong signal to work without 
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R.F. input 
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A.F. output 
FIG. 8-10 Simple diode detector circuit. 


distortion, and it provides no amplification in 
itself. 

Fig. 8-11 shows how it works. A shows the 
modulated signal as it appears across L2 and 
therefore the plate of the diode. Cl acts to tune 
L2 to the desired frequency (in most su- 
perheterodynes this is the I.F. frequency). Be- 
cause the diode conducts only in one direc- 
tion, current flows from cathode to plate only 
on the positive half of the cycle. Basically, half 
the signal in A is chopped off, leaving the 
rectihed R.F. signal shown in B. This signal 
appears across C2 and R. C2 smooths the volt- 
age according to the average value across it, 
giving a signal C closely resembling the out- 
side of the varying R.F. signal, which in an 
AM radio is the audio or sound part of the 
signal. ‘This signal exists across R and is shown 
in D of Fig. 8-11. This is the signal that is 
amplified and becomes the sound we hear. 
Since voltage levels are relatively low in diode 
detectors, they are quite reliable. A weak or 
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FIG. 8-11 Waveforms in a receiver. 
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FIG. 8-12 Useful test electrolytic (from Markus). 


burned-out tube is the most common form of 
failure. 


Electrolytic Condenser Testing 


These condensers appear in power supplies. 
They also are used in many sets to bypass 
audio voltages around a resistor and to further 
smooth B + between stages in the set, making 
oscillation less likely. 

The best test for an electrolytic condenser is 
replacement. Fig. 8—12 shows a test condenser 
you can make up. About 20 mfd. at 350 or 450 
volts does well. With the power off, clip across 
the questionable one to see if the hum is re- 
duced. 

These condensers also can be tested with an 
ohmmeter. Disconnect the positive lead with 
the set off. Touch the black test lead from the 
meter to the ground negative side, and touch 
the red lead to the positive side. The meter will 
swing sharply toward the zero end of the dial 
then climb until it reads a high resistance. 
Several hundred thousand ohms is good. If the 
resistance remains low, the condenser is leaky. 
If the meter does not move at all when you 
touch the red lead to positive, the condenser is 
open. In either case, replace it. 


Transformer and Choke Testing 


Several suggestions for testing were given in 
the section on power supplies. Fig. 8-13 
shows the resistances in typical good R.F. and 
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FIG. 8-13 Average transformer winding resist- 
ances (from Markus). 


iron core transformers. Remember to test for 
short circuits to the case of the transformer 
with all wires to the windings disconnected. 
The same sort of test can be carried eut on 
R.F. transformers. Faults will be more likely 
to appear in the primary winding of R.F. and 
A.F. transformers than in the secondary wind- 
ing, because the primary has high voltage and 
high current flow. Again, any radio part 
subjected to high current and high voltage is 
more vulnerable to failure. 

If something seems wrong with a trans- 
former, check the emerging wires for shorts to 
cases or breaks. To solder a wire coming from 
a transformer, first scrape it clean. It may look 
like shiny copper, but it is covered with an 
insulating varnish that must be removed be- 
fore the solder will stick. 

When checking transformers using the re- 
sistances in Fig. 8—13, remember that they are 
only approximate. A circuit diagram for your 
specific set may give accurate DC resistances. 
A transformer’s resistances may vary a couple 
of times over from the suggested ones, but the 
part may still be good. 
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FIG. 8-14 Two-gang variable condenser (from 
Markus). 


Tuning Condenser Testing and Repair 


If you have carefully cleaned the tuning con- 
denser, the largest problem remaining is that 
of slightly bent plates, which cause short cir- 
cuits. If the condenser works over only part of 
the dial, suspect a short. If you can see nothing 
touching, disconnect the wire from the sta- 
tors—the fixed plates usually insulated from 
the frame. Connect an ohmmeter between the 
stators and the rotors—the moving plates, 
which are usually grounded. Slowly rotate the 
rotor of the condenser from one end to the 
other. The resistance should be unmeasurably 
high all the time. Watch the meter as you turn 
the plates. If the resistance drops sharply, 
something is shorting the plates. Examine 
them carefully while shorted, using a good 
light. You should be able to see the point at 
which they touch. Clean that point, or care- 
fully bend the touching rotating plate. With a 
careful touch and patience, you can fix nearly 
any tuning condenser. 

Another problem with tuning condensers is 
the breaking or corroding of the spring or wire 
that grounds the rotor to the frame (see F'ig. 
8—14). This results in poor contact between 
the rotor and the frame, which leads to noisy 
or erratic operation. If a wire or spring is bro- 
ken, fix it with a piece of stranded wire long 
enough to allow the condenser to rotate over 
its normal 180-degree range. Use cleaner and 
fine sandpaper on a corroded contact. Your 
ohmmeter can tell you if there is a problem 
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Sentinel circa 1940s model 
ME-26D/U vacuum tube volt- 
meter in rugged military con- 
struction. 


here. ‘There should be zero resistance between 
the rotor and the frame. 


Trimmer and Paper Condenser 
Testing and Repair 


‘Trimmer condensers, with their mica dielec- 
tric, seldom cause problems. If trouble is sus- 
pected, test them in the same way as you 
would variable condensers. Usually only a 
cleaning is necessary. 

Paper condensers are far more troublesome. 
The oiled paper dielectric was not very good to 
begin with, and age takes a further toll. Fig. 


FIG. 8-15 How condensers fail (from Markus). 
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3 Condenser Gets Leaky if 
Resistance of Paper Drops. 
This is Equivalent to 


Fico model 330 R.F. signal generator. This is a good general purpose 
service generator. 


8-15 illustrates some of the ways in which 
they fail. These condensers, when subjected to 
high voltages as in bypass, coupling, or tone 
duty, are vulnerable. There is no way to fix 
them. For authenticity’s sake, open the case of 
the bad unit and put a modern capacitor in- 
side. Since the modern unit is generally 
smaller, this can be done. 

The beeswax on a paper condenser can be 
melted off in a low-temperature oven and 
saved. Place a new capacitor of the same ca- 
pacity and of equal or higher working voltage 
in the tube, leaving wires sticking out at the 
ends, and pour wax into the tube. 
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2 Condenser Shorts if One Plate 
Touches the Other Through 
Hole in Insulating Paper. 

This is Equivalent to 


Leaky Condenser 


ANTIQUE RADIO RESTORATION GUIDE 


330 | Soli 
RE | Solid State 


Shorted Condenser 


‘or 


Other units mounted in plastic boxes some- 
times are sealed with a black substance that 
can be melted off, but this is a messy job. 
Some units are in metal cans that can be 
unsoldered and opened. 

The best test for a suspected paper con- 
denser is replacing it in the circuit and seeing if 
the new one works. It also can be tested with 
an ohmmeter, following the procedure for 
testing an electrolytic condenser. Set the ohm- 
meter to its highest resistance setting. Connect 
one test lead to one side, and, while watching 
the meter carefully, touch the other lead to the 
other condenser wire. The meter will move a 
little at first but should settle at a resistance of 
not less than 700,000 ohms. If the meter nee- 
dle does not move at all, the condenser is 
probably open. If the resistance is lower than it 
should be, it is leaky and should be replaced. 
Again, remember to test condensers with one 
wite from the condenser disconnected from 
the radio circuit. 


Resistor Testing and Repair 


Carbon resistors can change resistance value, 
especially when they carry much current. Re- 
sistances should be plus or minus 10 percent of 
the marked value, although a variation of 20 
percent is often acceptable. ‘Test resistors with 
an ohmmeter and with one end of the resistor 
disconnected. Grid leak resistors have a resist- 
ance of 5 to 10 million ohms, and only the best 
meters can measure them. ‘lhe most success- 
ful way to check them is to replace them. Ifa 
grid leak tube has an excessively high negative 
grid voltage and does not work at all, the resis- 
tor is probably open. Carbon resistors cannot 
be repaired. They should be replaced with a 
resistor within 10 percent of the original value 
and of equal or greater power capacity. The 
color code chart in Fig. 4-10 gives resistor 
values. 

Wire-wound resistors can suffer corrosion, 
burn-out, or broken leads. Ifa lead burns off at 
one end, you may be able to unwind one loop 
and gain enough length to refasten it. If you 
find a badly burned resistor of any kind, try to 
isolate what draws current through it and thus 
has overloaded it. Resistors don’t burn by 
themselves. Check any associated bypass con- 
densers for short circuits. 
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Volume Control Repair 


Volume controls can be cleaned and, on occa- 
sion, wire-wound types can be rewound or 
soldered. Beyond that, not much can be done 
with them. If a control works but makes a little 
noise when it is rotated, that is no great prob- 
lem. If you replace a volume control, remem- 
ber that the resistance is important, as is the 
taper, which is the amount of resistance 
change for a given rotation of the knob. Vol- 
ume controls that act on the antenna circuit or 
grid circuit of an audio tube are usually audio 
taper. Controls that affect the tube filament 
voltage are linear. Tone controls are usually 
linear. You can switch the types of tapers 
around, but if you do, operation will not be as 
good. 

Controls are cleaned, as mentioned earlier, 
by generously spraying television tuner- 
cleaner into them and rotating the shaft to 
move the wiping element of the control back 
and forth. Often there are small openings be- 
hind the terminals into which you can insert 
the narrow tube from the sprayer. Other times 
you will have to take off the back of the control 
to spray the inside. Occasionally the moving 
wiper in the control can be benta little to make 
better contact. Wipe up as much of the cleaner 
that comes out of the control as possible. 


Tube Testing and Replacement 


Since vacuum tubes are the most common 
cause of trouble in old radios, the lack of a tube 
tester makes it hard to do an efficient repair 
job. Tubes are available but costly, and you do 
not want to replace any that aren’t bad. Care- 
ful troubleshooting often can determine if a 
particular tube needs replacement. If one tube 
has a filament that does not light when the 
others do, it probably has burned out. Even if 
the filament lights, it may have lost the ability 
to supply enough electrons to operate well. 
Something inside the tube may have come 
loose, and the tube will develop an internal 
short circuit. If you suspect a tube, check its 
filament with an ohmmeter. Some battery 
tubes have filaments so thin that they are 
nearly impossible to see even when lit, and so 
delicate that an ohmmeter will burn them out, 
so be careful with these. 

You may be able to get tubes tested at a radio 
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FIG. 8-16 Tube shields and their removal (from Markus). 


shop. A radio shop run by an older person may 
have an old-style tube tester to accommodate 
even four-, five-, six-, and seven-pin types. 
Later eight-pin (octal) and most small minia- 
ture tubes can be tested at almost any radio- 
television shop. Radio buffs in your area may 
be able to help with tube checking and other 
problems. 

Appendix A gives some of the more com- 
mon tube base layouts and information about 
those tubes. For more information consult an 
old copy of an RCA (or other brand) tube 
manual. 

Another problem with old glass tubes is 
missing or hard-to-remove metal shields 
around some of the tubes. Fig. 8-16 shows 
how these are attached and removed. You can 
usually tell from the socket if it should have a 
shield; there generally is a metal ring or clip 
surrounding the socket and rising a half-inch 
or so above it. If a shield is missing, the radio 
may oscillate (squeal) or hum excessively. 


Dial Cords and Tuning 
Mechanism Repair 


Most old radios have some way in which the 
tuning condenser shaft is connected to the dial 
indicator mechanism. Sometimes even the 
volume and tone controls have separate indi- 
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cators. These couplings can give trouble. A 
metal drive system using washers to transfer 
the motion of the knob to a celluloid dial often 
can be cleaned using tuner cleaner. All bear- 
ing surfaces can be cleaned and lightly lu- 
bricated so that they will move more 
smoothly, and the whole system can be 
cleaned up. ‘This will cure most problems with 
mechanical drive systems. 

A large share of more modern receivers, 
however, use dial cords. Some of these are 
incredibly complex, using four or five pulleys 
and three or more separate dial strings, called 
cords. Dial cord is generally quite thin and is 
woven around a central core to make a strong, 
slightly rough miniature rope. New cord can 
be obtained from a number of sources, such as 
Antique Electronics Supply in Tempe, Ari- 
zona. 

If the cord is still there but is slipping, a little 
rosin on the slipping surface may help. If the 
cord is frayed or slipping so badly you cannot 
fix it, make a careful diagram of how it is 
strung together before taking it apart. Better 
yet, string the new cord as you unfasten the 
old. When I am doing this, I use bits of mask- 
ing tape to hold the cord in place on the 
various pulleys while I do the whole stringing 
job. It still isn’t fun, but it helps. 

If you have a complex dial arrangement and 
no idea of how it goes together, try to get 
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FIG. 8-17 Dial cord for simple rotary pointer (from Markus). 


service instructions from a Rider or Sams 
manual. Howard B. Sams wrote a series of 
small books showing hundreds of dial cord 
mechanisms listed by radio model numbers. 
These long-out-of-print manuals are priceless 
if you repair many old radios. 

Included are some diagrams that might help 
you figure out what you are doing. Fig. 8—17 
shows a coupling to a round dial attached to a 
tuning condenser. This shows how the cord 1s 
attached and tensed by a small spring. 

Fig. 8—18 shows a variety of typical arrange- 
ments to round dials. The one you need may 
resemble one of these. 

Fig. 8-19 gives an example of a simple slide 
tule scale that spreads the dial out over the top 
of a radio front. This is a very common ar- 
rangement and not too hard to figure out. 

Fig. 8-20 shows some examples of more 
complex slide rule dial systems. If you have 
something like this but no diagram, you may 
have to do lots of guessing and experimenting. 
It is easy to hook these up incorrectly, making 
the dial go backward. 

Finally, Fig. 8—21 illustrates a dial arrange- 
ment used by RCA in many of the early ra- 
diolas. It is a rugged arrangement using woven 
metal dial cord. Hard to fix but seldom failing, 
these systems do well with some cleaning and 
lubricating. 

A number of receivers from the late 1930s 
and early 1940s use a mechanical pushbutton 
arrangement that can be baffling. Although 
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complex, these fortunately are quite well built 
and usually respond well to cleaning and care- 
ful lubricating. Fig. 8-22 shows two of the 
more common systems. 


Loudspeaker Repair 


Old loudspeakers suffer from many faults, 
mainly damage and deterioration of their pa- 
per cones. The deterioration takes two forms, 
warping and breaking. A warped cone has the 
voice coil at its center rubbing on the center 
pole piece. This causes a scratchy, distorted 
sound, sometimes noticeable only when the 
sound is loud or on bass notes. Fig. 8-23 
illustrates how the voice coil fits into the 
speaker, and how a little warping can cause the 
problem. 

How can it be fixed? Speakers can be re- 
coned, although this means sending them out 
and spending some money. Your speaker 
probably will be like the top diagram in Fig. 
8—23, with a corrugated paper spider holding 
the voice coil in the center. This spider is 
glued in place and cannot be removed. 

Here is something you might try, though. 
First, remove the speaker from the radio, 
placing it cone-up on a good work surface. 
Second, remove the dust button or felt in the 
center of the cone that covers the air gap and 
voice coil. Third, cut three or four pieces of 
thick paper or light cardboard about one-quar- 
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FIG. 8-21 Tuning system on early Radiolas. 
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ter-inch wide and about four inches long. 
Fourth, slip these between the pole piece and 
the voice coil, as in Fig. 8-24. They should fit 
quite tightly. Fifth, spray the cone and voice 
coil with a fine mist of water so that it is 
thoroughly wet. Six, set aside the cone to dry 
thoroughly (at least a day). Finally, remove the 
shims and test the speaker. If all goes well, 
much of the warp will have come out of the 
cone, and the speaker will sound all right 
again. 

You may find that metal filings or dirt have 
collected in the gap. If so, you will hear a 
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FIG. 8-22 Mechanical tuning systems (from Markus). 
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buzzy or fuzzy sound. Use compressed air and 
shims to clean out the area. Be careful; the 
wire used to wind the voice coil is very fine. 

Fig. 8-23 shows two other ways the cone 
can be centered. The spider may be attached 
to the pole piece in the center with a screw or 
around the outside with several screws. Fig. 
8—25 shows in more detail how such a speaker 
is constructed. You may be able to realign a 
rubbing cone in such a speaker by loosening 
the screw (don’t remove it), recentering the 
voice coil in its gap using homemade shims, 
and tightening the center screw. Fig. 8-25 
shows the cone mounted by screws. Unfortu- 
nately, you will seldom find this. Generally 
the outside of the cone is glued to the frame. 

Another common problem is tears or punc- 
tures in the cone. You may have caused some 
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of these yourself by careless handling of the 
chassis. If a tear is not large, it can be repaired 
with household cement and tissue paper. You 
can even try mending tape on small rips, 
though it may not stick well. As long as the 
cone is not damaged so that it rubs on the 
center pole, you can probably improvise a re- 
pair. Use common sense. 

Another fault that you may not be able to fix 
is a ruined voice coil. With this fault you will 
hear no sound. If the coil is open, check the 
wires leading up to it. Often they are soldered 
to larger wires and glued at that point to the 
cone of the speaker for support. That connec- 
tion can come loose. Careful resoldering is all 
that is needed. If the coil itself has failed, only 
a replacement speaker or cone will help. 

Older speakers sometimes have field coils 
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that may open electrically. A speaker with an 
open field coil may or may not have faint 
sound, depending on how the field coil is 
powered. An open coil shows a high-to-infi- 
nite resistance rather than the 500-to-5,000- 
ohm resistance normal for them. Disassemble 
the speaker enough to untape the field coil. 
Often the wire will have failed just inside the 
tape and can be reattached. If not, the speaker 
must be replaced or sent away for repair. 

Your local Radio Shack store may have a 
replacement. If you buy one of their speakers, 
buy the lightest and cheapest in the size you 
need. Several other sources, like Antique 
Electronics Supply, also have replacement 
speakers. 

The only speakers sold nowadays are perma- 
nent magnet types. You often can replace a 
held coil speaker with one of these by adding 
in place of the field coil a power resistor of the 
same resistance and a 10-to-25-watt capacity. 
You may have to include more capacity in the 
filter condensers as well, or the hum may be 
excessive. 

Here are two other tips. First, I never throw 
away a good speaker. I check to see if it rubs 
and that it is electrically satisfactory, then | 
cover the cone with a piece of cardboard se- 
cured with masking tape. At that point it can 
go into storage until you need a replacement. 
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Second, you can sometimes nest a smaller 
new speaker inside the cone area of a nonwork- 
ing old speaker. You may have to fashion some 
metal brackets to support it firmly, and you 
may have to cut a piece of stiff cardboard to 
cover the round space between the new 
speaker’s cone and the old speaker’s frame. | 
have replaced speakers this way without trou- 


ble. 


Metal Castings Repair 


Many early sets have pot-metal castings for 
switches, variable condenser frames, and even 
chassis. Deterioration caused by time and poor 
casting technique often leads to the breaking, 
warping, or flaking of the metal. While it may 
be possible to recast simple pieces, repair is 
more desirable. Epoxy cement glues pot metal 
well. Pieces may be joined and badly flaking or 
warping pieces stabilized and rescued by flow- 
ing epoxy into the cracks or using it to build up 
thin spots. This method isn’t elegant but it 
works, and it may in many cases be the only 
repair available. Some people paint the casting 
with aluminum paint afterward to cover the 
cracks and epoxy. 
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Superheterodyne Receivers 


Now that your radio is working, you want it to 
work as well as it possibly can. This may re- 
quire aligning or touching up the adjustment 
of the internal controls. You'll need an ade- 
quate antenna and ground. Most old sets use 
outside antennas, unlike our sensitive modern 
radios with their loop-antennas or loop-sticks. 

Any adjustment of the trimmer condensers 
on the chassis or of the tuning condensers 
should be done with great care. It is easy to 
make things worse than they are. A safe rule 
for any person to follow who does not have an 
R.F. signal generator is, If it works satisfacto- 
rily, leave it alone. Your set may not work at 
peak efficiency, but it may be good enough. 
No harm is done by a nonperfect alignment. 

On a superheterodyne receiver, alignment 
must be done especially carefully. If you are 
using an R.F’. signal generator, follow the in- 
structions that came with the signal generator 
and also the alignment instructions for your 
particular radio. An R.F. generator is very use- 
ful both for troubleshooting and for align- 
ment. If you do much repair, you will want 
one; see Chapter 12 for more information. 
This book speaks only briefly about its use. 
Consult a more advanced text, particularly on 
multiband radios, once you are doing detailed 
alignments. 

To do any adjusting, you will need a screw- 
driver with an insulated tip or, if your receiver 
needs it, a plastic hex wrench to adjust trim- 
mers and I.F. transformers. Alignment tool 
sets are inexpensive and helpful. They are 
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available from Radio Shack stores or Antique 
Electronics Supply. 

Lacking a generator, you can make a num- 
ber of adjustments. The basic rule is to start 
with the adjustments closest to the speaker. 
Refer to Fig. 11-2 for a typical superhetero- 
dyne. Begin by tuning in a fairly weak station. 
Keep the volume of your set just loud enough 
to hear. Start with the secondary of output I.F. 
transformer between the 12SK7 and 12SQ7. 
Turn the screw adjustment—visible through 
one of the holes on the transformer’s top— 
one-half turn. Is the station louder? If so, turn 
the screw further until the sound begins to get 
softer. If the sound grew softer when you ini- 
tially turned the screw, return the screw to the 
original position and back a half-turn the other 
way. Find the maximum output. Whenever 
you turn a trimmer control, turn it only a 
small distance each time. If adjusting the con- 
trol seems to make no noticeable difference, 
put it back where it was originally. 

Once you have adjusted the secondary 
winding of the output I.F., adjust its primary 
(the other screw) in the same way. Then move 
back to the input I.F. between the 12SK7 and 
the 12SA7, adjusting the secondary winding 
(the rear hole) first and then the primary wind- 
ing. If the station gets very loud as you adjust, 
turn down the volume. It is easier to hear 
changes at low volume. After you have done 
both, go back and do both again, this time 
changing settings only a quarter turn. 

If you have an R.F. generator, set it to the 
I.F. frequency of your radio. On most receiv- 
ers the I. F. frequency is marked on the chassis 
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or one of the transformers. In most 1940s and 
1950s sets it will be between 455 and 465 kHz. 
In this radio it is 455 kHz. Connect your gen- 
erator output to pin § of the 12SA7 tube socket 
through a .1 mfd. condenser. Set radio vol- 
ume to maximum and the output of the R.F. 
generator as low as possible for an audible out- 
put. Align in the same way as for a station. 
Using an R.F. generator and an AC voltmeter 
across the loudspeaker is much more precise 
than trying to hear a constantly changing sta- 
tion. 

After tuning the I.F. transformers, proceed 
to the R.F. tuning trimmer, sometimes called 
the antenna trimmer. It is located on the out- 
side of the rear section of the variable con- 
denser and usually is connected to the loop 
antenna. Tune ina station near 1400 kHz and 
adjust for maximum volume. 

If you use an R.F. generator, adjust it to 
1400 kHz, tune the radio to 1400 kHz, and 
connect the generator to the antenna terminal 
on the radio if there is one. If there is no 
antenna terminal, attach a wire to the R.F. 
generator output, make a loop, and place it 
next to the loop antenna on the radio. Adjust 
the R.F. generator for the minimum output 
you can hear, or measure and then adjust as 
above. 
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Now find a station near the bottom of the 
dial, as close to 600 kHz as possible, to touch 
up the oscillator trimmer. It is located on the 
outside of the front section of the variable 
tuning condenser. If reception is good before 
you touch the oscillator trimmer, stop. Do not 
adjust. Changing the oscillator frequency can 
be a problem, since the dial may be incorrect 
or the spacing between stations wrong. You 
may need to adjust the oscillator if you replace 
the 12SA7 converter tube. If you try, don’t 
forget the original setting, and adjust only if 
things are not working well. 

Again, you can use an R.F. generator in 
place of a station. Just tune it to 600 kHz and 
the radio to the same frequency and continue 
as in the previous section. 

Remember, in any adjustment, turn the ad- 
justing screw one-half turn one way. If that 
increases the volume, keep turning slowly. If it 
decreases the volume, turn it back, and try the 
other direction. If you lose reception or hear a 
squeal, your stage has gone into oscillation, 
which it should not do. Something is wrong. 
You can back off the adjustment, but it is 
better to examine the stage to which the I.F. 
transformer is connected and try to correct the 
problem. Tubes are often at fault here. 

Also remember that the trimmer condensers 
may not be in the same locations on the radio 
you are working on. Use common sense and a 
circuit diagram if you can get one. Do not 
adjust anything until you know what it is. 


T.R.F. Receivers 


On tuned radio frequency receivers (T.R.F.), 
each R.F. section must be tuned to be in line 
with the other R.F. sections in the radio. 
T’.R.F. receivers tend to be more sensitive at 
the high frequency end of the dial than at the 
low end, so it is best to work in the middle or 
toward the less-sensitive end. If you have no 
signal generator, find a station near the mid- 
dle. Keep the volume fairly low. Start at the 
stage closest to the detector and tune the 
trimmer associated with that section of the 
multisection condenser. It usually is attached 
to the large condenser it adjusts. Try turning it 
one-half turn first one way, then the other. Set 
it for the maximum loudness of the station. 
Now work back toward the antenna, stage by 
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stage, adjusting the volume of the radio as 
needed. You want the most volume without 
oscillation. 

In some sets, no adjustments can be made. 
Obviously, those sets cannot be fine-tuned. 
After finishing any alignment job, it is good to 
go back to the beginning and do it over, mak- 
ing finer adjustments this time. 

Again, you can use an R.F. generator in- 
stead of a station to make the job easier and the 
results more precise. T.R.F. receivers do not 
align as precisely as superheterodynes, so do 
not expect such good results. 


FM Receivers 


Working with frequency modulated (FM) su- 
perheterodynes is considerably different from 
working with the AM radios we have been 
talking about. The I.F. and antenna sections 
are similar but not identical. The I.F. trans- 
formers are adjusted to a considerably higher 
frequency (10.7 mHz) and are tuned to pass a 
band of frequencies for maximum fidelity. It is 
best not to adjust them if you don’t have to. 
Usually they have hex wrench, not screw- 
driver, adjustments. Remember to use plastic- 
insulated wrenches and screwdrivers. 

It is almost essential to use an R.F’.. genera- 
tor and a high-quality voltmeter for adjust- 
ments. Sweep generators and oscilloscopes are 
even more useful. 

In AM radios, there are no adjustments in 
the detector section. FM receivers use a dis- 
criminator or ratio detector that must be care- 
fully adjusted for fidelity. If you change one of 
these, you likely will make things worse. 

If you try to adjust the I.F. transformers, 
make sure you are not adjusting the discrimi- 


Commercial artist’s drawing of an antenna elimina- 
tor from 1935. These units usually contained a 
small loop antenna. 
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nator or detector. ‘The metal boxes that con- 
tain them look much alike. 

In servicing FM receivers try to limit your 
work to tube replacement or repair of power 
and audio sections. As with AM radios, the 
largest share of your problems will be in the 
power and audio sections anyway. 

When you work inside an FM set, be care- 
ful not to bend the coils even slightly or move 
any of the wires to the R.F. and I.F. tubes. 
When you replace a part, locate the new one 
in exactly the same location as the old. 


Antenna Systems 


See Fig. 9-1 for one possible antenna arrange- 
ment. It is pretty fancy, and you will probably 
get by with something less complex. Old sets 
without loop antennas need a substantial an- 
tenna system. In general, the higher and 
longer the antenna, the better, but before you 
put up an outside antenna, experiment a little. 
A ground connection to a water pipe and a 
piece of wire stretched as an antenna near the 
ceiling of a room may suffice for receiving 
local stations. 

If you are serious about listening, though, 
you will want an outside antenna. Radio 
Shack stores sell an antenna package that it 
calls a short wave antenna that is quite satisfac- 
tory. A water pipe makes a good ground. Fig. 
9-2 shows a more practical outside installation 
for most locations. 

Antenna systems can attract lightning, so 
ground them when not in use. A lightning 
arrestor may be placed between the antenna 
and its ground, but it is still a good idea to 
locate a knife switch (available from Radio 
Shack) inside the window connecting the an- 
tenna and ground. When the switch is closed, 
the antenna will have a direct connection to 
ground. The only time I leave my antenna 
ungrounded is when it actually is being used. 
Never use an outside antenna during an elec- 
trical storm. Reception will be poor, and the 
situation can be dangerous. 

You may need to ground your receiver as 
well. Older battery receivers almost always 
need to be grounded for good results. AC/DC 
receivers should never be grounded. AC re- 
ceivers with power transformers may or may 
not work better with a ground. Try it both 
ways. 
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FIG. 9-1 Large outside antenna system. 
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FM Antennas 


F'M radios need antennas. An outside antenna 
gives the best results. The large section of a 
television antenna works well. In most cases 
you will use a folded dipole inside the room. 
Fig. 9-3 shows how one is made and how it 
comes installed in some FM radios. It is not 
hard to make one out of some 300 ohm televi- 
sion twin lead. 

Many low-priced FM radios simply attach 
an antenna wire through a very small con- 
denser to the power line. It does not work very 
well, but it is very cheap. Any of these radios 
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FIG. 9-2 Simple outside an- 


tenna system. 


will be improved by putting a simple, hand- 
made dipole antenna on the wall behind the 
set. Even low-priced FM radios have connec- 
tions for an antenna on the back. 


Using and Maintaining Your Radio 


You fixed your antique radio in order to use it. 
Still, remember that your old radio, like an 
antique car, is not up to heavy, day-in and 
day-out use. Old tubes and old parts will fail in 
time. They can be replaced or fixed, but re- 
pairs can be difficult and expensive. 
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General Electric 1950 model 218 
six-tube and selenium rectifier AC/ 
DC AM/FM radio in brown Bake- 
lite with gold dial. Cream knobs 
are on the right. 


Grundig 1958 model 97 seven-tube 
AC AM/FM/shortwave radio in 
maroon plastic with ivory and gold 
trim. German made with Euro- 
pean styling. 


RCA 1939 model VA-20 brown 
Bakelite phonograph with wireless 
phono attachment for a radio. It 
has a small built-in transmitter to 


be picked up by a radio. 
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(C) Folded Dipole 
FIG. 9-3 Typical. FM antenna installations. 


Remember, too, that your old radio proba- 
bly will not be as sensitive or sound as good as a 
modern set, partly because of its age and partly 
because newer sets use improved technology. 

However, it is good to use your old radio 
regularly. Filter condensers will stay in better 
shape, controls will not get stiff or freeze on 
their shafts, and you will spot problems early, 
when they can be fixed easily. About an hour a 
week of use will help keep your radio healthy. 
(It is nice to be able to brag a little, too: “I was 
listening to Chicago last night on my 50-year- 
old radio, and... .”) 
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(B) Folded Dipole 


Keep it clean, too. Old wooden cabinets 
benefit from polishing with a soft cloth and 
turpentine. Paste wax works well on plastic 
cabinets. Wax can be used sparingly on 
wooden cabinets as well. Every couple of 
years, you may want to take the chassis out of 
its case and clean it again, as you did when you 
first brought it home. 

Use your'radio with sense, take care of it, 
and get to know its personality. You are pre- 
serving a valuable piece of history. It probably 
won't make you rich, but it will give you a lot 
of satisfaction. 
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10 BOO990D 
Cabinet Repair and WWOdddd 
Refinishing QOOdovd 


Wooden Cabinets 


With the radio working well, the question 
arises of what to do with the cabinet. The rule 
is: the less you do to the cabinet, the better. 
Antiques and collectibles are expected to have 
a patina, resulting from the normal wear and 
tear of age. Small scratches and wear areas are 
to be expected after 30 or more years of use. 

The finish actually may be better than you 
think. That’s why the first step is to clean the 
cabinet thoroughly. Even though a patina is 
acceptable, dirt and grime are not. 

Use mineral spirits. Other solvents (alcohol 
or lacquer thinner, for instance) can dissolve 
the finish and leave you with a stripping job 
instead of a simple clean-up. Even if you plan 
to strip off the finish later, start with this clean- 
up. You may find that it’s all you need. 

In addition to mineral spirits, you will need 
to have a lot of 3/0 steel wool on hand. Also 
have a large supply of clean rags. 

Unwind a portion of the steel wool roll and 
pull off enough to make a comfortable pad. 
Steel wool can shed metal specks, so be care- 
ful. Wearing heavy rubber gloves will help 
avoid getting a small, difficult-to-remove 
metal slivers in your fingers. Have the rags cut 
into one-foot-square pieces; this size allows 
you enough material so that you can shift the 
rag to a clean area. 

Apply the solvent to a small section of the 
cabinet (about one square foot) at a time. ‘Tak- 
ing a pad of steel wool, rub gently with the 
grain, back and forth in straight lines. Leaning 
too hard on the pad results in scratches where 
your fingers apply the pressure. Take a clean 
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rag and wipe up the residue. Keep turning the 
rag to use a clean section, or you will just 
redistribute the dirt instead of remove it. 

Remove the knobs to clean underneath 
them. The area around the knobs is likely to be 
among the dirtiest, and trying to clean without 
taking off the knobs often leaves a dark, dirty 
circle around them. Don’t forget to clean the 
edges of the cabinet as well as the flat parts. 
They often have lots of fingerprints on them. 
Once the main portion of the cabinet is 
cleaned, this remaining dirt will look worse 
than ever. 

When the radio is clean, examine the fin- 
ish. If it has a good but dull finish, restore the 
shine. Don’t worry about the small nicks and 
wear areas; these are part of its history. Use a 
good paste wax or a good-quality furniture 
wax, a soft rag, and lots of elbow grease to 
produce a good shine. Dampen the cloth, put 
a chunk of wax in the center, screw up the 
ends, and rub the pad in a circular motion 
over a small area. (Always work on small areas. 
If you attempt too large a section, the wax will 
dry and make your polishing job much more 
difficult.) Apply a light coat. Finish by rubbing 
with the grain. Depending on how strong your 
arm is, you can wait one to three minutes to 
buff the wax out. The instructions with one 
commercial wax say it should dry to a haze. If 
it dries harder than that, it takes a lot of 
rubbing to get a shine. Use a soft lint-free rag 
and rub hard with the grain. Repeat coats may 
be necessary to get the shine you want. Do not 
attempt to cut corners by putting on a heavy 
coat. Several light coats are much better. 

Do not put anything on top of the newly 


SONS ees a 


[ 
£ 
‘ 
§ 
$ 


p, titer 


Clarion Jr. (Transformer Corporation of America) Crosley 1941 model 25AW seven-tube AC AM/SW/ 
1933 model 320 five-tube AC upright table radio, police band table radio with push buttons and verti- 
typical of the 1930s. cal walnut-color wooden cabinet. 


Zenith 1936 model 6S229 upright walnut six-tube Zenith 1951 model H503 five-tube and selenium 
AC table radio with AM and two shortwave bands. rectifier three-way portable radio covered in brown 
alligator fabric. 
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waxed finish for 24 hours, as it needs time to 


harden. 


Refinisher or Stripper? 


If the cabinet has a bad finish or has been 
painted, you may decide the cabinet has to be 
refinished or stripped. There are major differ- 
ences between refinishers and strippers. Refin- 
ishing removes the finish and requires a lot 
more effort than stripping, but it doesn’t affect 
the stain originally applied to the wood. All it 
does is take off the finish. Strippers remove 
everything down to the wood itself. If the radio 
has been painted, you must use a stripper. If it 
has a clear finish, use a refinisher. Refinishers 
are gentler to the wood and leave its natural 
discolorations. In either case, try to keep either 
substance from running into areas that are not 
going to be refinished, like the bottom or the 
insides. A professional job doesn’t leave streaks 
of stripper or refinisher in unwanted places. 

Take time to examine the cabinet carefully. 
Check the condition of the veneer, especially 
if it is decorative. Select a method that will 
treat the veneer as kindly as possible. 

Companies sometimes used a paper veneer. 
A wood grain pattern was printed on thin paper 
and glued to the cabinet as trim. It was a cheap 
way of producing a fancy burl or an exotic 
wood look. It is obvious upon careful exami- 
nation. The paper veneer is slightly, raised 
above the surface of the wood, instead of being 
the same height, with a visible line showing 
the join. Examination with a magnifying glass 
will show the halftone printing method used to 
produce the fake veneer. 

Do not use a stripper on this veneer or you 
will ruin it. Experiment carefully if you use 
refinisher, and use as little as possible on this 
paper trim. 

Before you start to work, take the chassis out 
of the cabinet. Keep all knobs, screws, and any 
other loose parts in a safe place. Label every- 
thing so you can get the pieces back where they 
belong. Protect whatever paper labels are still 
on the cabinet by fastening a piece of plastic 
over them. Since you won't be stripping the 
inside of the cabinet or the bottom, this will 
keep any spatters away from the labels. When 
you finish the set, remove the plastic. 


Using Refinishers 


Many brands of refinishers are available in 
hardware stores. People develop their own 
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preferences and swear that one brand is better 
than another. Try one and see how it works. If 
you find that the one you buy isn’t satisfactory, 
try another brand. They all require lots of 
rubbing. Whichever brand you buy, read the 
directions carefully. Then read them a second 
time, in case you missed something. If you 
have questions, the manufacturer can tell you 
what it found to be the most efficient method 
of using its product. With the current interest 
in disposing of toxic wastes, the directions 
should tell you if you need to do something 
special with the leftovers. 

Some rules apply to all refinishers. Wear 
protective goggles in case something spatters. 
Use protective gloves on your hands. Use re- 
finishers outdoors, preferably, to avoid the 
fumes. Even outdoors, don’t stick your head 
right down next to the work, as the fumes are 
poisonous. Work in the shade, and don’t work 
in drafts or stong winds. This causes the sol- 
vents to evaporate too rapidly. The faster they 
evaporate, the more you have to use, and that’s 
expensive. Work in temperatures above 65 de- 
grees Fahrenheit. Do not use refinishers near 
open flames. 

If you use refinishers in the house, be sure 
to have good ventilation. Open windows and 
provide for cross-ventilation. Since you don’t 
want to waste refinisher through evaporation, 
put yourself in the draft and your work just 
outside of it. 

Pour about two cups of refinisher each into 
two metal or glass containers. Cap the refin- 
isher can immediately. Divide a pad of 3/0 
steel wool into three or four pieces. Be sure to 
wear rubber gloves. Wet the steel wool in 
refinisher, squeezing it until it is damp but not 
dripping. Apply it to an area the size of a plate 
and rub in a circular pattern. When the finish 
starts melting and the pad begins to gum up, 
rinse the pad in the second container. This 
removes much of the sludge and keeps you 
from redistributing it on the clean surface. 
Then go back to the first container and repeat 
the process. Use a clean rag to wipe up the area 
and remove more finish. When the refinisher 
becomes thick and sludgy, pour it into another 
tightly covered jar until you're done with the 
project. (You can reclaim some of the refin- 
isher for another project by allowing the used 
refinisher to stand. When the residue settles to 
the bottom, pour off the clean refinisher and 
use it again.) Add refinisher to the two con- 
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tainers as necessary. Change steel wool pads 
whenever they become filled with sludge. 
Don't use rags when they become dirty. 

When one area is clear of finish, move on to 
another, remembering to overlap the previous 
area. When the entire cabinet is clean, go over 
it a second time with clean refinisher and a 
clean pad to remove any remaining finish. 
Keep your steel wool pads clean for this final 
cleaning. Allow the cabinet to dry for an hour. 
Buff the entire surface lightly but thoroughly 
with 4/0 steel wool. Now it’s ready for its new 
finish. 


Using Strippers 


If the radio has been painted, you will have to 
use a paint stripper. In the past, strippers had a 
methylene chloride base, which is highly 
toxic. Anything said about care in using refin- 
ishers applies twice as much to strippers. New 
strippers that claim to have removed many of 
these problems have been introduced lately. 
The first we found was 3M’s Safest Stripper. 
With our new concerns about health and the 
environment, more of these improved strip- 
pers will become:available. 

They have less harmful fumes and can be 
used indoors or out. However, they are in- 
Hammable. They work slowly but have a long 
active time, up to 30 hours, letting you work 
them more easily into your schedule. There 
are some drawbacks, however. They can cause 
cye irritation, so eye protection should always 
be worn in case of spatters. These products 
should be stored carefully out of the way of 
children and pets. Despite their safety claims, 
it is probably a good idea to work with protec- 
tive gloves. Since they are water based, they 
may be harder on veneers than methylene 
chloride strippers or refinishers. They are also 
relatively expensive. 

Whatever disadvantages they have are mini- 
mal compared with the hazards of using the 
older strippers. There is no reason for taking 
chances with your health. 

Because these are so new, read the direc- 
tions very carefully and buy any related prod- 
ucts that the company requires. Safest Strip- 
per, for instance, warns against using steel 
wool for clean-up because it may cause dark 
spots. Follow the directions exactly; if you’ve 
done stripping before, your old techniques 
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may no longer work. Do remember to wear 
eye protection, gloves, and old clothes. 

If there are doors on the cabinet, take them 
off. They're easier to strip lying flat. Remem- 
ber to label the screws and put them with the 
knobs and other hardware from the radio. One 
theory about where to start on a piece of furni- 
ture is to take the most complicated section 
and do it first. If there is carving on the front 
that will require using a toothbrush to get the 
stripper out of the corners, begin with that. 
Keep stripping the more difficult sections, 
working your way to the easiest one. This way, 
the most difficult work is done while you still 
have some ambition. Other people prefer start- 
ing at the top and moving methodically down 
to the sides and finishing with the front. Do 
whatever works for you. Make it as easy for 
yourself as possible, so that you don’t leave the 
radio half-done because you ran out of enthu- 
siasm. 

Don’t use putty knives to get residue out of 
corners and carvings. It is better to use brass 
brushes, tongue depressors, toothbrushes, and 
toothpicks for getting sludge out of cracks. A 
good stripping job must remove residue in the 
crevices. It takes patience to do the job right. 
For the last bits of residue that absolutely won’t 
come out, try cotton swabs or toothpicks 
dampened in lacquer thinner (a volatile sol- 
vent, so don’t use it with poor ventilation). 

After the stripper is removed, go over the 
entire cabinet with mineral spirits and clean 
rags. All the finish is gone now, but so is the 
original stain. At this point you may be 
shocked to find that the wood, which you as- 
sumed would be walnut underneath the paint, 
is a hodgepodge. When the manufacturers 
used clear dark finishes, they could use many 
different woods in the radio, because the col- 
ored finish would make them all look alike. 

Let the cabinet dry at least 24 hours before 
staining or finishing it. 


Staining and Varnishing 


If you have used refinisher, a light sanding 
with 150-grit sandpaper may be all that is 
necessary, so proceed to the next section, on 
varnishing. If you have stripped the radio, read 
on. 

Before any staining or varnishing can be 
done, the wood will have to be sanded. Use a 
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RCA Victor 1941 model 35X six- 
tube AC/DC radio. Note the Nip- 


per design on the right side of the 
dial. 


Philco 1940 Transitone model 
PT-44 five-tube AC/DC radio. 
This has an interesting cabinet, es- 
pecially with the lyre back, which is 
made of wood. 
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sanding block to give a smooth finish. Always 
sand with the grain, and be careful not to put 
any weight on the block as you reach the 
edges. Radios are veneered, and it’s much too 
easy to sand right through the veneer as you go 
off the edge. Work your way upward in sand- 
paper numbers. Starting with 100-grit, go 
lightly over the surface with the grain, trying 
not to sand more in one area than another. It 
will be necessary to work into corners using a 
folded piece of sandpaper and a finger. Rub 
gently with the grain in these hard-to-reach 
places. Don’t try to speed things up by sanding 
across the grain; it will take you ten times 
longer to sand out those scratch marks than to 
avoid them in the beginning. Wipe off the 
surface with a lintless rag and mineral spirits. If 
you don’t use a lintless rag, tiny specks of lint 
will catch in the wood grain and only can be 
removed one at a time with a fingernail. 

Repeat this whole process using 120-grit 
sandpaper. If you're staining the radio, stop 
here. A smoother surface will have a harder 
time taking stain. If you’re planning on a clear 
finish (no stain) or painting the radio (and that 
was sometimes done, even by the manufac- 
turers), go over the whole thing again with 
150-grit. For an even smoother finish, do this 
again with 180-grit sandpaper, and even 220- 
grit. Use each grit in order; do not skip. Re- 
member to do the mineral spirits wipe-down 
each time. 

Once the cabinet is down to bare wood and 
sanded, the choice of stains, fillers, and var- 
nishes is yours. Again, whatever you use, read 
the directions carefully. 

If you wish to fill the grain so the surface is 
Hat and smooth, buy paste wood filler in wal- 
nut, mahogany, or natural. Many radio cabi- 
nets have an extremely smooth finish. Their 
manufacturers used filler to give this flat sur- 
face. Fillers are applied heavily to the surface, 
then wiped off against the grain with a burlap- 
type rag. Read the directions on the can to do 
the job right. It’s important to follow these 
directions to get the best results. 

Many people skip fillers, desiring a more 
natural wood look. They rely on the varnish to 
help smooth out the surface without making it 
look artificial. Some people also prefer not to 
stain the cabinet. 

In most cases, though, you will want to stain 
it. This will even out the color of the wood. In 
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the case of many different woods on a piece, 
staining is almost a necessity. It won’t make all 
the woods the same, but it will help to give 
them all the same color tone. 

Stains may be water based or oil based, 
runny or gelled. Probably the easiest, most 
forgiving stain to use is a gelled stain or a 
pigmented wiping stain. Follow the directions 
on the can exactly. In most cases, you rub on 
these stains with 3/0 steel wool. Use a soft, 
lintless rag to wipe it up. Do not use diapers or 
‘T-shirts, they’re soft but not lintless. There’s 
nothing more infuriating than finding little 
white lint specks in your nice stain job. They 
also tend to wick away some of the color, 
making it less uniform. Use a stain darker than 
the result you want. Wipe it on, let it remain 
for ten to fifteen minutes, then gently wipe off 
the remaining stain with a soft, lintless Tag. 
Wipe off as much as you want, as you have 
some control over the final color. After using a 
gelled stain, wait at least 72 hours before ap- 
plying a finish coat. 

Sometimes the color looks artificially flat, 
without much variation. The simplest way of 
correcting this is to wipe on a darker stain, 
such as walnut over oak or mahogany, and 
immediately to wipe it off against the grain. 

When varnishing, use new varnish. Old 
varnish may not dry well. 

A wipe-on varnish finish is applied with a 
cloth rather than a paintbrush. If you wish to 
brush on varnish, read on. The wipe-on finish 
requires more coats than brush-applied var- 
nish, but it is less subject to mistakes. It doesn’t 
take long to do it each time. Use either a satin 
or gloss varnish, not polyurethane varnish. 
Anything you do to the cabinet should be re- 
versible (if necessary) by someone else. At 
present, polyurethane varnish is extremely dif- 
ficult to remove and should be avoided for 
collectibles. 

If the radio is still too light, too bright, or too 
multicolored after staining, use a colored var- 
nish for the first coat or coats to help even up 
the color. A light coat of walnut-colored var- 
nish will soften the red of a mahogany stain. A 
dark walnut varnish will help cover the birch/ 
walnut/ash base of a cabinet originally dark 
brown. 

Before applying the varnish, wipe the entire 
cabinet with a tack rag (available in paint de- 
partments) or a lintless rag dampened with 


ANTIQUE RADIO RESTORATION GUIDE 


DeLuxe circa 1933 unknown 
model radio. The radio was made 
for DeLuxe (as well as other compa- 
nies) by an unknown manufac- 
turer. 


Philco 1952 model 52-542 black 
Bakelite radio. This is the same ra- 
dio as the 1951 model, but it has a 
much less attractive cabinet. 


Philco 1951 model 51-542 black 
Bakelite five-tube AC/DC radio 
with clear grille and silver color 
grille cloth with clear knobs. 
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mineral spirits. Wait for the radio to dry. Cuta 
piece of lintless cloth large enough to make a 
comfortable pad in your hand. Before you start 
on the radio, try this technique on a scrap 
piece of wood. What you're attempting to find 
is whether you have to thin the varnish before 
using it. If you find the varnish is thick before 
you go back to wipe it up, thin it with a small 
quantity of mineral spirits. If your pickup rag 
drags on the varnish, the varnish is too thick. 

Pour some of the varnish into a pan (throw- 
away aluminum pie pans are excellent) and 
recover the varnish can immediately. Dampen 
the rag in the varnish and wipe it over a small 
area on the surface of the wood. Work from 
the top of the radio to the bottom. When you 
complete wiping on the varnish in a section 
(like half a top, ora portion of the side), use the 
same cloth to wipe off excess varnish. Wipe in 
the direction of the grain. There should be no 
wet-looking spots. Continue until all of the 
cabinet is finished. If you plan to do this out- 
side, pick a still day to keep stray dust motes 
from landing on your work. 

Let the cabinet dry at least overnight. One 
advantage of the new varnish is that the drying 
time is shorter. When it is no longer tacky (if 
you wonder if it’s still tacky, it probably is, so 
wait longer), sand very lightly with the grain 
with 600-grit sandpaper. This is a once-over- 
lightly sanding, a lick-and-a-promise type. It is 
simply slicking down any slight specks that 
may have landed. 

Reapply the varnish as many times as neces- 
sary, until you get a finish you like. It probably 
will require five to ten coats. This takes time, 
but it is easy to do. 

If you’re varnishing with a brush, be careful 
of air bubbles. Do not stroke the brush back 
and forth; move it only in one direction. Start 
at one edge, applying two brush widths of var- 
nish against the grain. Then with the grain, 
brush over these two widths and across a third 
(varnish was not applied to this one). Continue 
to work across the pieces, always leaving one 
space followed by two varnish-filled brush 
widths. Do your brushing toward the com- 
pleted section. Brushing across the varnish and 
into the empty space leaves the brush finishing 
in the previously completed area. Always fin- 
ish a section by lightly using the tips of the 
bristles, brushing the section just completed 
into the previously finished section. This 
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method will keep one section from being 
thicker than another. The final stroking is al- 
ways with the grain. 

When the varnish is dry (and give it plenty 
of time), use the same sanding techniques dis- 
cussed in the section on wipe-on finishes. 
Usually two coats of varnish are enough. 

When the finish is completely dry, it should 
be waxed. You may want to use one of the 
colored waxes, such as Briwax or Minwax, to 
deepen the color a bit and take away some of 
that just-varnished look. Do some experi- 
menting with waxes; you can always remove 
them with mineral spirits. Allow 24 hours for 
the wax to dry completely. 


Veneer Replacement 


Veneer should be replaced before refinishing 
the cabinet but after staining. Replacing ve- 
neer is a cut-and-try project. Trim out the 
rough veneer around the missing section with 
a sharp knife, making a smooth-edged pattern 
that can be transferred later to your replace- 
ment veneer. Match stains, making sure to 
stain a large enough piece of veneer so that you 
can cut several pieces if needed to get a good 
fit. 

Straight edges are easier to match than 
curved ones, but don’t make a perfect square 
or the join will be obvious. Angled lines are 
easier to overlook, so parallelograms, trape- 
zoids, and other angled patches are best. Lay a 
piece of thin paper over the missing veneer 
and, as carefully as you can, trace around it 
with a sharp pencil. Cut this pattern and lay it 
in the hole to see where it is wrong. If your 
pattern is too large, trim it down to size. If it’s 
too small, make another, larger one. Cut and 
try until you have a good fit. It’s easier to ex- 
periment on paper than on veneer. 

Cut the veneer, remembering to keep the 
grains going in the same direction and to 
match the style of grain as closely as possible. 
If you’re lucky, the piece of veneer will fit on 
the first try. If it doesn’t, trim it or cut another 
slightly larger piece. 

Use white glue to install the veneer. If you 
have clamps or straps, use them. It’s important 
to snug the veneer tightly to get a flush top 
surface with no cracks around the replace- 
ment. If you don’t have clamps, make simple 
ones using two books, plastic wrap, and some 
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RCA 1950 model BX-6 five-tube 
and selenium rectifier three-way 
portable radio with an interesting 
aluminum case. 


BLA Tec ton 


RCA 1955 model 4X551 black 
plastic five-tube AC/DC radio, an 
interesting design with the tuning 
knob on top. 
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Stewart Warner 1954 model 9170] 
four-tube and selenium rectifier 
three-way portable radio in red 
plastic. 
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strong cord. Lay the plastic wrap over the ve- 
neer, making sure no glue is seeping out. Hold 
a book over the patch, put the other book on 
the opposite side of the cabinet, and have 
someone else pull the cord tightly around the 
entire project and tie a firm knot. Twist a stick 
in the cord to tighten, as in applying a tourni- 
quet. This should apply pressure on the patch 
while preventing the cord from digging into 
the wood on the other side of the radio. Leave 
overnight before unfastening. 

Old veneer always matches better than new 
veneer. Keep old pieces in case you need them 
some other time. 


Grille Cloth Repair 


If grille cloth is in good condition, you're 
lucky. Leave it alone. If it is very thin and 
showing wear or rips, repair the original cloth 
if possible. Use a thin, neutral-colored fabric, 
like silk. Make a sandwich: put Stitch Witch- 
ery, or some other interfacing that fuses two 
pieces of fabric together, in between the grille 
cloth (front side down) and the silk. Be sure 
there are no wrinkles. If there are loose threads 
in the speaker cloth, place them as smoothly 
parallel as possible. Follow the directions for 
the fusible interfacing. Most directions require 
that you set your iron at wool, place a damp 
press cloth over the piece to be fused, and press 
with a stationary iron on each area for ten 
seconds. When cool, place the sandwich in 
the radio. It will look original. Sound transfer 
will be reduced slightly but not seriously. 

If the grille cloth is hopeless or missing, 
replacement cloth is available from Antique 
Electronics Supply. It offers enough of a vari- 
ety to allow a good if not perfect match. 


Plastic Cabinets 


A different technique is required to refurbish a 
plastic cabinet. Since water does not damage 
plastic, clean-up starts with soap and water. 
Protect whatever labels are on the bottom or 
inside the cabinet. If the label is in bad condi- 
tion, clear packaging tape will cover it and 
keep the bits and pieces from further deteriora- 
tion. In this case, the plastic will stay on the set 
even when it is finished. If the label is in good 
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condition, cover it with a piece of plastic taped 
around the outside to keep water out. Remove 
this when you are done. 

Use liquid soap and a rag. Carefully wash 
inside and out, removing as much dirt as possi- 
ble. The visible surfaces can be scrubbed vig- 
orously after you have removed any grit with a 
gentle washing. Use a soft toothbrush to clean 
the corners and louvers. Do not use steel wool, 
scouring pads, or any other abrasive substance. 
These will leave scratches that are virtually 
impossible to remove. A soft rag and elbow 
grease is safer. The same cleaning approach is 
good for painted plastic cabinets. Be careful of 
too-vigorous scrubbing on painted cabinets, 
though. Always remember: Don’t do more 
than needed to get it clean. 

For really bad cabinets, like the ones that 
have spent years in the barn, start with a 
simple water wash to clean off the loose stuff. 
Then use a foaming tub and tile cleaner to cut 
through the grime. Do not do this on painted 
surfaces or on a cabinet that still has some 
shine, as there’s a good chance it may dull the 
finish. Some restorers refuse to use a cleaner 
like this, but I find it works well on the difficult 
cabinets. It is always the technique of last 
resort. You will have to do a lot of polishing 
when you are done. 

There are as many opinions about polishes 
as there are polishes in the world. Everyone 
seems to find one that works well for them. If it 
works and doesn’t damage the radio, it’s fine. 
Here is one suggestion. 

Use a brass polish (such as Brasso or 
Wright’s). Follow the directions carefully. 
Using only soft rags, rub the polish on. Keep 
rubbing as long as the polish is wet. It is not 
necessary to apply a lot of force, although it is 
always tempting to do so. When the polish 
starts to dry, stop. Wait for it to dry, then rub it 
with dry, clean soft rags. You may need to do 
this several times. When the finish seems to 
shine and you can see reflections in it, it is 
ready for waxing. 

Don't use brass polish on a factory-painted 
radio. If the finish is still in reasonable condi- 
tion when all of the dirt is off, it is ready for 
waxing. A word of warning: Factory paint is 
almost impossible to strip. Don’t try. 

A good-quality hard car wax will give a good 
finish to either painted or unpainted plastic 
radios. A colored wax improves the sheen and 
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color of Bakelite radios, but any good wax will 
help. It will take at least two or three coats; 
apply it sparingly and rub it out right away. If 
you apply a thick coat of wax to speed up the 
process, you will be disappointed. It takes 
enormous amounts of effort to polish a thick 
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coat. You may even have to resort to turpen- 
tine to remove the wax buildup in order to start 
over. Stick with several light coats of wax. 
Once the radio looks good, it will gain a final 
sheen from a buffing with a lambskin buffer in 
a power drill. 


CABINET REPAIR AND REFINISHING 


VVDVDVD = 11 
VWVPVDVD Receiver Theory 


This chapter details the operation of four types 
of receivers. The superheterodyne, being the 
most common, is covered first, even though it 
is the most complex. The tuned radio fre- 
quency and regenerative circuits used in older 
sets are examined as well. Finally we take a 
brief look at the crystal set. While this chapter 
is not essential for using the tips and guidelines 
in the rest of the book, it will help you under- 
stand the workings of circuit components. You 
may want to read other books on radio theory 
as well (see Chapter 12). 


Superheterodyne Receivers 


Fig. 11-1 shows a simplified block diagram of 
a common superheterodyne receiver. It will 
help you unravel the rather complicated ideas 
that follow. 


We antenna 


Preselector Converter 
tuning tube ween 
(12SA7) (12SK7) 


FIG. 11-1 Superheterodyne radio block diagram. 
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Intermediate 


Automatic 
volume 
control 


A typical superheterodyne circuit from 1952 
is shown in Figs. 11-2 and 11-3. Fig. 11-2 
shows the chassis top arrangement and the 
standard circuit diagram. Fig. 11—3 shows 
placement of parts on the bottom of the chas- 
sis. These illustrations are of a Meissner 5 tube 
model 10-1191A but are similar to many sets 
of the era. We will look at it section by section. 
Read carefully and follow the circuit diagram 
as you go. It sometimes will help for you to 
draw a diagram of the section yourself. 


Power Supply Section 


In the power circuits, the filaments of the five 
tubes are connected in series across the power 
line. Notice that the filament voltages, ex- 
pressed in the first tube number, are 12, 12, 
12, 35, and 50, which add up to 121. Since 
this is close to the 115 volts the line supplies, 


First audio Audio power 


amplifier 


Detector 


(12807) 


Power supply 
(3525) 


TUBE LAYOUT 


Stranded Wire 
To Antenna 


Cover Over 
Volume Control 
& On Off Switch 


SoD 


5- TUBE AC-DC 


SCHEMATIC 


OUTPUT 
TRANSF. 
8-20371-1 


Pha 
SPEAKER 
C-20354-1 


SOL6GT I2SK7 12SA7 12507 
TUBE SOCKETS ARE VIEWED FROM UNDERSIDE OF CHASSIS >< 
BU RESISTOR ARE VE WATT UNLESS OTHERWISE SPECrED I On-Off Switch 
On Volume Control 
FIG. 11-2 Top view and circuit diagram of typical 1950s AC-DC set (illustration from Meissner’s “ ‘How to 
Build’ Instruction Manual,” Thordarson-Meissner, 1952). 
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FIG. 11-3 Underchassis view of five-tube AC-DC radio (illustration from Meissner’s “ ‘How to Build’ 


Instruction Manual,” Thordarson-Meissner, 1952). 


the filaments can be series connected across 
the AC line without an extra resistance. 

The B+ voltage is obtained from the 
35Z5GT rectifier. AC is applied to the plate of 
the 35Z5GT through part of the 35Z5GT fila- 
ment, the pilot light, and a 27-ohm resistor 
that gives surge protection. Rectified B+ is 
obtained from the cathode and is filtered by a 
50-mfd. capacitor, a 1500-ohm 2-watt resistor, 
and a second capacitor, this time 30 mfd. This 
smooths the ripple in the DC. The .2 mfd. 
400-volt paper capacitor acts to bypass any ra- 
dio frequency signals to ground, making the 
radio more stable. A higher voltage for the 
audio output is taken off before the first filter 
capacitor. A slightly lower voltage for the other 
tubes comes off after the 1500-ohm filter resis- 
tor. 


Preselector Tuning Section 


In the antenna circuit, the loop antenna is also 
the antenna coil, and is tuned by half of the 
variable condenser to preselect the desired fre- 


quency. The second variable condenser in 
parallel with the main section is a small mica 
trimmer condenser found on the side of the 
tuning condenser. It serves to adjust the loop 
for best reception at the top end of the dial. An 
extra loop of wire couples an outside antenna 
with the loop antenna through a .01 mfd. 
capacitor, avoiding a direct connection to the 
chassis ground while still allowing R.F. to flow 
through the loop. 


Converter-Oscillator Section 


In the converter circuit, the preselected signal 
from the loop arrives at grid 3 (pin 8) of the 
12SA7 converter tube, where it is mixed with a 
signal generated in the same tube in the fol- 
lowing way. 

One end of the oscillator coil (terminal 1), is 
attached to the first grid (tube pin 5) through a 
.Q001 mfd. capacitor (which keeps the DC 
bias on grid). The other end of the coil (termi- 
nal 3) goes to ground. Terminal 2 takes part of 
the signal to the cathode of the tube (tube pin 
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6). Any signal arriving at grid 1 is of such a 
phase in relation to the cathode that the tube 
will amplify its own signal and oscillate. Grids 
2 and 4, which are internally connected, are 
fed B+ through tube pin 4 directly and are 
grounded, as far as any signal is concerned, 
through the filter condensers. Grid 2 acts as 
the plate for the oscillator section of the tube. 

The oscillator is tuned to a frequency lower 
than that of the received frequency on grid 3 
by the other half of the variable tuning con- 
denser, which is in a tuned circuit with the 
oscillator coil. Since both halves of the tuning 
condenser have a single shaft, the oscillator 
will change frequency with the changing of 
the tuning condenser. The oscillator has its 
own trimmer adjustment to get exactly the 
right oscillator frequency difference. 

The difference between the desired station 
and the lower oscillator frequency is called the 
intermediate frequency, or I.F. In modern 
AM superheterodyne receivers, the I.F. is usu- 
ally about 455 kHz. In older superheterodynes 
it is often a lower frequency. Usually, the cir- 
cuit diagram gives the I.F’. frequency. 

How do the two frequencies get mixed, and 
how do you get a new one? Remember that the 
cathode of the 12SA7 is supplying a current 
that varies in frequency with the oscillator. 
That same varying electron stream also is con- 
trolled by the preselected frequency signal on 
grid 3. The result is that on the plate of the 
12SA7, there will be four frequencies. The 
oscillator frequency is (0), the preselected 
program frequency (P), and also P + 0 and P 

The input I.F’. transformer is tuned to P — 
0, which is always the intermediate frequency. 
The other signals, being considerably different 
in frequency, are rejected. 

The trimmer condensers on top of the input 
I.F. are used to tune its primary and secondary 
windings to the exact intermediate frequency. 
The 12SA7 receives its plate voltage and passes 
on this signal through the primary of the I.F. 
transformer. 

One more point before we leave the con- 
verter: the 22k resistor between grid | and the 
cathode is necessary to provide a DC return to 
ground for grid 1, preventing electron build- 
up that would eventually block the grid. The 
resistance provides some bias to grid 1, which 


is kept on the grid by the .0001 mfd. blocking 
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condenser. The necessary bias on grid 3 is 
obtained from the automatic volume control 


(AVC) circuit. 


LF. Amplifier Section 


The 12SK7 is a pentode amplifier that ampli- 
fies the modulated I.F. signal. Grid 1 of the 
I.F. amplifier receives its signal from the sec- 
ondary winding of the input I.F. transformer. 
The I.F. transformer has its signal circuit 
completed to ground through the .05 mfd. 
capacitor and its bias supplied by the AVC 
circuit through the same .05 mfd. capacitor 
and the 2.2 meg. resistor. The second or 
screen grid that makes high amplification in 
one tube possible receives its high voltage di- 
rectly from B+. This grid greatly reduces the 
likelihood that the tube will oscillate by re- 
ducing its plate to grid capacity. The third, or 
suppressor, grid is attached directly to the 
grounded cathode. The suppressor drives back 
into the plate electrons knocked loose by the 
high electron stream velocity in this high-gain 
tube. 

The plate of the 12SK7 receives its high 
voltage through the primary of the output I.F. 
transformer, which, like the input I.F., is 
tuned by trimmer condensers across its wind- 
ings. 


Detector Section 


In the detector circuit, the I.F. signal, highly 
amplified across the secondary of the output 
I.F. transformer, is strong enough to act on the 
plate of one diode (pin 4) of the 12SQ7 tube. 
This diode becomes a rectifier, conducting 
when the plate end of the output I.F. is posi- 
tive, allowing current then to flow through its 
secondary winding and through the volume 
control. The ground circuit for this receiver is 
indicated by the dark line on the circuit dia- 
gram. 

The amount of current drawn will depend 
on how much the plate of the diode goes 
positive. Remember that the I.F. signal varies 
in amplitude (height or volume) with the origi- 
nal signal put on the carrier in the modulator 
at the transmitter (see Fig. 2-18). 

Thus, the current through the volume con- 
trol varies as the I. F. frequency of 455 kHz and 
the audio modulation. The .0001 capacitor 
across the volume control acts to take out the 
455 kHz part of the signal, leaving the audio at 
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the top of the volume control. A capacity of 
.0001 mfd. is too low to affect the audio por- 
tion of the signal. 

Now that the original signal has been de- 
tected, only the original audio signal remains. 


Automatic Volume Control Section 


The automatic volume control (AVC) circuit 
begins at the other diode (12SQ7 pin 5), which 
connects to the bottom of the output IF. 
transformer through a 2.2-meg resistor. The 
.05 mfd. 200-volt capacitor next to the 2.2- 
meg resistor acts to store a DC charge that 
varies slowly with the overall loudness of the 
signal. A DC charge will collect on one plate 
of the .05 capacitor, which slowly drains out 
through the 2.2-megohm resistor and the 
500,000-ohm volume control. 

By selecting resistance size and capacitor 
value carefully, we can have a negative charge 
that closely follows the power or loudness of 
the signal coming through the receiver. This 
negative voltage then changes with the power 
of the station. A weak station will generate 
only a small negative voltage at the .05 capaci- 
tor, and a loud local station will generate a 
large negative voltage. 

Notice that the grids of the 12SA7 and the 
12SK7 are connected at the same point. Those 
grids are all made more negative, and there- 
fore, the amplification of those tubes de- 
creased, by a loud station’s signal. In effect, 
the loud station has its volume reduced, while 
the weak station does not have its volume 
decreased as much. The circuit acts as an 
AVC on the loud stations. 

The actual loudness in the speaker is, of 
course, controlled by the volume control. 


Audio Amplification Section 


Since the cathode of the 12SQ7 is grounded in 
the first audio amplifier circuit, the grid of the 
triode section must obtain its negative bias 
through the 10-meg grid-leak resistor. A grid 
leak works this way: The grid of a tube, being 
in the electron stream from the cathode to the 
plate, collects some electrons each time it be- 
comes more positive. As the electrons accum- 
ulate, they make the grid more negative. 
Eventually the grid will become sufficiently 
negative to block the flow of electrons from 
cathode to plate completely. The grid-leak re- 
sistance lets the surplus electrons leak at a rate 
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slow enough to keep the grid at the desired 
slightly negative potential or voltage. 

The audio signal exists across the volume 
control and is taped off by the slider of the 
control. The closer to the top the slider is, the 
louder the output. The .01 capacitor from the 
slider passes the audio signal to the grid of the 
12SQ7 while holding the bias on the grid, so 
that the tube operates most efficiently. 

The output of the amplifier is developed 
across the plate-load resistor (220k ohms) con- 
nected to pin 6 of the 12SQ7. As a varying 
current is drawn by the plate of the 12SQ7, 
there is a varying voltage drop across the resis- 
tor that is applied to the grid of the 5|OL6GT 
output tube. The .00025 mfd. capacitor filters 
out any remaining I.F. signal. The .01-mfd. 
capacitor from 12SQ7 pin 6 to the 5|0L6GT 
pin 5 acts to keep the high voltage from the 
plate of the 12SQ7 off the grid of the output 
tube. 

In the power output circuit, the signal from 
the first audio tube is applied to the control 
grid of the 5|OL6GT power output tube. This 
grid is given a ground return through the 470k 
grid resistor. This resistance is not high 
enough in resistance to give the tube much 
negative grid bias, so bias for the tube is ob- 
tained by placing a 150-ohm resistor in the 
cathode circuit (pin 8). Current flowing 
through the tube causes the cathode to be- 
come slightly positive, which is the same thing 
as making the grid negative by an equal 
amount. 

The second or screen grid is attached to B + 
directly. The beam forming plates in this 
beam power tube serve much the same func- 
tion as the suppressor grid in a pentode and are 
connected to the cathode. The plate of the 
50L6GT receives its B+ through the primary 
winding of the output transformer, developing 
its signal in that primary. The .01 mfd. capaci- 
tor across the output transformer primary is 
called the tone condenser. It softens the tone 
by removing the higher A.F.s. It also helps 
remove background noise. 

The output transformer transfers the audio 
signal energy to the lightweight, low-imped- 
ance voice coil of the permanent magnet 
(p.m.) speaker. When the varying current 
Hows through this coil, it reacts with the mag- 
netic field in the loudspeaker, moving the 
cone of the speaker and producing sound. 
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FIG. 11-4 Functional block diagram of typical T.R. 
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FIG. 11-5 Circuit for typical T.R.F. receiver. 


Tuned Radio Frequency Receivers 


Figs. 11-4 and 11-5 show a typical tuned 
radio frequency (T.R.F.) receiver from the 
mid-1920s. This was the design used by many 
classical-era receivers. The circuit is straight- 
forward and simple. It can be powered by 
batteries or a power pack. Notice that it uses a 
considerable number of tubes, since all are 
low-amplification triodes. 

You can see from the block diagram that the 
first three tubes are R.F’. amplifiers, the fourth 
is the detector, and the last two are audio 
amplifiers. In most receivers of the era, all of 
the tubes except the last audio amplifier are 
’O1As. 

In the power circuits, the filaments of the 
tubes are all fed from a 6-volt source (the A 
voltage), usually from an auto-type storage bat- 
tery. The tubes used have 5-volt filaments. 
There is a fixed series resistor (R) that drops the 
voltage to the audio tubes and the detector. 
The R.F. tube filaments are also controlled by 
a theostat (R1). This will affect the sensitivity 
of the receiver (the ability to receive distant 
stations). This receiver has another control to 
adjust the bias on the detector, also controlling 
the volume of the set. Other T’.R.F. receivers 
sometimes do the same thing by putting a 
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separate rheostat in the detector filament cir- 
cuit. 

The B voltage must be supplied at three 
different voltage levels. The three R.F. tubes 
and the first audio tube require 673 volts. The 
output tube needs a higher voltage that de- 
pends on the type of tube used. ‘The detector of 
this set requires 45 volts. Other designs need 
only 223 volts. The 673 volt line is bypassed to 
ground through a fixed paper condenser, 
which helps to prevent oscillation. 

The antenna circuit usually requires an out- 
side antenna and a good ground. 

The tuning condensers in this and other 
R.F. sections may be fastened together with 
belts or be on the same shaft so that all are 
tuned at once. In other sets each may be tuned 
separately, a difficult job at best. 

The first R.F. amplifier is not tuned, but the 
other R.F. amplifier stages are identical. In 
each grid circuit, the secondary winding of the 
R.F. transformer, being tuned to resonate with 
the desired frequency, will reduce other fre- 
quencies giving stronger amplification of the 
desired station. This selection will increase in 
each stage. There is a small fixed resistor (R2 
and R3) in each grid circuit to aid stability. 

A small amount of grid bias is obtained by 
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FIG. 11-6 Chassis layout for typical T.R.F. receiver. 


having the filament go positive from B—, 
which is also ground. This is done by con- 
necting B— and A— together. The grid will 
see this as if it were a negative potential on the 
grid. 

The plate of each tube is coupled through 
the primary of an R.F. transformer to the next 
stage, receiving its B+ through the primary. 

Detection is aided in this triode tube in two 
ways. First, there is a comparatively large neg- 
ative grid bias on the tube because of a high- 
resistance grid leak. The grid condenser in the 
grid circuit keeps the bias on the grid, so that it 
does not leak off through the transformer. The 
bias can be adjusted using the control across 
the detector filament, reducing it, by making 
that point more positive. A high negative bias 
encourages plate current cutoff on negative 
swings of the grid. 

The other factor encouraging rectification is 
the low plate voltage (45 volts) that operates the 
tube near the bottom of its conducting range, 
again keeping it from conducting if the grid is 
very negative. 

Thus, the signal passes and is amplified only 
when it is positive enough to overcome the 
grid bias and the low plate voltage. Some re- 
ceivers use a phone condenser, a small-capac- 
ity mica capacitor, from the detector plate to 
its flament. This filters out the R.F. portion of 
the rectified output, leaving only the audio. 
The set pictured in Fig. 11-5 does not use 
one. 

The first audio tube works exactly as the 
R.F. amplifier tubes do, with one exception: 
the coupling between stages is done using iron 
core transformers, which are more efficient 
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than air core transformers at audio frequen- 
cies. 

Generally, the tube used in the output tube 
circuit is designed to carry more current and 
thus supply the greater power needed to oper- 
ate the listening device. It differs from the first 
audio amplifier in a few ways: First, it uses C 
battery bias (in this case — 9 volts) to set firmly 
the negative grid bias in order to give the most 
undistorted output for the tube type chosen. In 
most classic battery receivers, the power or 
output tube is coupled directly to the listening 
device. The plate current of the output tube 
flows through the earphones or magnetic 
speaker. Since the current varies with the A.F. 
signal, the variations produce sound. 

Fig. 11-6 is an overhead view of another 
typical T.R.F. receiver of this area. It gives a 
good idea of how the chassis is laid out. This 
particular set shows sockets for two R.F. am- 
plifier tubes. 


Regenerative Receivers 


A simple receiver system, commonly used in 
early one-tube sets and later as a detector in 
some T’.R.F. receivers, is called the regenera- 
tive detector. It is an oscillator tube arrange- 
ment that is not quite allowed to oscillate. 
Examine Fig. 1 1—7 to see how it works. The 
antenna picks up a mixture of R.F. signals, 
causing a small current to flow in the primary 
winding of coil L-1] to ground. This current is 
stepped up in voltage in the secondary wind- 
ing, which has more turns of wire. ‘The secon- 
dary winding of L-1 is tuned to resonate at the 
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FIG. 11-7 Typical one-tube regenerative receiver. 


frequency desired by tuning condenser C-2. 
This acts to select the desired station. This 
selected signal is sent to the grid of the triode 
tube through condenser C-1]. The tube then 
amplifies the signal selected. As electrons flow 
from filament to plate in the tube, some col- 
lect on the grid. They leak off through the high 
resistance, R-1, but a rather high negative bias 
remains on the grid. 

The tube, much like the T.R.F. detector, 
only amplifies the positive part of the signal on 
the grid, acting as a rectifier. In order to in- 
crease amplification and sensitivity, part of the 
amplified signal on the plate is fed back into 
the grid by means of tickler winding on L-1. It 
is fed back in such a way as to increase the 
signal on the grid, forcing the tube to amplify 
itself. 

If too much signal is fed back, the tube be- 
comes an oscillator and all signal is lost. If the 
right amount is fed back, the tube becomes a 
very powerful amplifier. The tickler winding is 
made movable so the coupling can be varied 
for the right amount of feedback. Once the 
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signal is amplified, it is smoothed by C-3, with 
the high-frequency R.F. being removed. The 
signal current to the plate flows across the re- 
sistance of the headphones, which turn that 
varying current supplied by the B battery into 
sound. 

Overall volume of the receiver is controlled 
by the filament rheostat, R-3. 

A simpler triode tube-type detector can be 
made by not using the tickler winding. This 
becomes the simple grid leak detector, which 
usually needs outside amplification to be effec- 
tive. 


Crystal Receivers 


The most simple design of all is the crystal 
detector receiver. Fig. 11-8 shows both the 
circuit and a pictorial of the wiring of a Crystal 
set. Crystal sets can use only the actual power 
of the radio waves in the air to produce sound, 
so they must be close to the station to work. 
A long antenna (c) is wired through the pri- 
mary (a) of the input transformer to a good 


c 
a 
d (a) 


FIG. 11-8 Circuit diagram (A) and wiring layout 
(B) for crystal radio. 


FIG. 11-9 Waveforms found in 
C crystal radios. 
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General Electric 1946 model 220 
five-tube AC/DC brown Bakelite 
radio. 


Emerson 1947 model 540A brown 
Bakelite five-tube AC/DC radio. 
This was one of the smallest five- 
tube AC/DC sets ever built, and 
measures 6% X 4% X 43 inches. The 
knobs are not original. 


Arvin 1955 model 954P green four- 
tube plus selenium rectifier three- 
way portable radio. 
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ground (d). ‘The voltage increases somewhat 
because the secondary coil of the input trans- 
former (b) has more turns of wire. The secon- 
dary winding (b) is tuned by a variable con- 
denser (e) to select the station desired. Fig. 
11-9, example A shows a typical modulated 
R.F. signal. 

The crystal (f) acts as a one-way valve (it 
works like a tube diode) and only conducts 
electricity in one direction. The electric cur- 
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rent coming out of the detector will be a rap- 
idly varying direct current with variations of 
the frequency of the broadcast station and of 
the audible frequency placed on that carrier 
frequency at the station. Fig. 11—9, example B 
shows how it looks. ‘The phone condenser (h) 
filters out that R.F. carrier, leaving only the 
varying audible signal to be heard in the ear- 
phones (g). This corresponds to Fig. 11—9, ex- 
ample C. 
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If you are restoring only one or two radios, you 
will not need much more than a card table, 
good lighting, a few basic tools, and a cigar box 
for parts. You will be working slowly but will 
get the job done. Even starting small, you will 
need some things. This chapter gives a few tips 
about ordering. Except for purchasing basic 
tools and test equipment, two rules are impor- 
tant: Don’t buy anything expensive until you 
need it, and watch for used equipment at flea 
markets and antique malls. You may have to 
do some clean-up and repair, but you'll save a 
pile of money and get some excellent equip- 
ment too. 


Basic Tools 


Most of the items listed below are available at a 
good hardware, Radio Shack, or old radio 
supply store. 


- Soldering gun (at least 100 watts). These are 
far more useful than the little soldering irons 
or soldering pencils used for printed circuit 
boards. 

- High-quality long-nose pliers 

- Good-quality diagonal wire cutters 

- Small Phillips and regular screwdrivers 

- Nut driver set 

- Utility knife 

- Pair of tweezers 

- Set of plastic alignment tools 

- Soldering aids (These look like dentist’s tools 
and are useful for prying, twisting, and pok- 
ing things into place. Buy both the split-end 
and bent-end types. ) 
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- Insulated test wires (at least four) with clips at 


both ends 


Buying the best tools that Radio Shack sells, 
the above list will cost you about $50 in 1992 
prices. You probably have some of the tools 
already. You may also find some better prices 
or sales. 


Useful Tools 


Here is a list of other useful tools. These are 
less necessary but might still be helpful. 


- Regular pliers 

- 1” soft paint brush 

- Hex wrench set 

- Wire stripper 

- Forceps, for holding wires in place and for 
draining off heat while soldering in parts 

- Set of open-end and box wrenches 

- Work light on flexible arm 

- Small compressor 

- Small vacuum cleaner 


- Tool box 


The compressor is very useful for cleaning 
out chassis (and pumping up auto tires and 
beach balls). It is an amazingly useful general 
tool around the house. 


Test Equipment 


These suggestions are listed in order of impor- 
tance. No beginner would want or could af- 
ford all of these, but some are essential. When 
you buy a piece of test equipment, read the 
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accompanying instructions carefully and keep 
them. Buy books on the use of the equipment 
you acquire if possible. 

Equipment marked with three bullets is es- 
sential. ‘T'wo-bullet items are very useful to 
persons doing much service or restoring. One- 
bullet items are nice to have but not necessary. 
The O©O-marked items are specialized; you 
might want them sometime. 


@ @ @ Multitester. This volt-ohm milli- 
ammeter is your single most useful electrical 
tool. Multitesters are available from many 
sources. An adequate unit costs from $20 to 


$50. See Fig. 12-1 for an example of one 
service-type multitester. Your tester should 
have at least 10,000 ohms-per-volt sensitivity 
on the DC voltage scale. It should be capable 
of measuring resistances of up to 1 megohm 
accurately. The meter type of tester is fine for 
your work. The newer digital units cost more 
and are more accurate, but not that much 
more helpful. I use both types. 

Radio Shack stores sell a wide variety of 
multitesters. They also sell a good book enti- 
tled Using Your Meter, which will help you a 
great deal in using your tester and doing any 
electrical testing. 
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FIG. 12-1 Typical high-grade multitester. Courtesy B&K Division of Dynascan Corporation. 
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Go TELEVISION 


MODEL 505 (Illustrated Above) 


The unexcelled instrument in its 
class. Permits a complete visual 
analysis of the electrical and 
electronic circuits of the I.F. and 
R.F. bands as well as the audio 
frequency stages. Quickly deter- 
mines the effectiveness of a tube 
or circuit as an amplifier, rectifier 
or source of special wave shapes. 
115 VAC. 19% x 11%" x 14", 
Steel carrying case. 


MODEL 195B for Television 


Another popular HICKOK Cathode 
Ray Oscillograph. With this in- 
strument you can align IF trans- 
formers, trouble shoot, analyze 
wave shape of signal, determine 
unknown frequencies, amplify and 
view very weak signals. An ideal 
companion for the HICKOK Model 
610 T.V. Generator and 288X 
FM-AM Generator. 105-125 VAC. 
BH" x 1842" x 13". 


Sensitive, accurate ... for 
stage-by-stage alignment 
The only COMPLETE Cathode Ray 
Oscillograph. Built with the famous 
HICKOK quality and accuracy, and 


providing the following exclusive 
HICKOK features: 


Wide bend amplifiers—20 
cycles to 1 m.c. 


Extremely sensitive vertical 
amplifiers 


Demodulators 
Phasing control 


Built-in FM oscillators (505 
only) 


Return eliminators 
Sinusoidal and linear sweep 


THE HICKOK ELECTRICAL 
INSTRUMENT COMPANY 


10524 DUPONT AVE. CLEVELAND 8, OHIO 


A high-quality 1948 service oscil- 
loscope by Hickok, as shown in 
Radio News, October 1948. 


Per ever 35 years... the finest in 
electrical and electronic instruments 


Most of the time, look for good used equip- 
ment. In the case of a multitester, buy a new 
one. Used ones are often damaged and the test 
prods worn out. Since new ones are readily 
available, there is no reason not to buy new. 
The exception here might be if you find a good 
vacuum tube voltmeter. These are often 
around, and if you find one with a good test 
probe, you will find it accurate and useful. 

@ @ @ Ground fault interrupter. This lit- 
tle device looks like a regular 120-volt outlet 
but is designed to detect any electrical currents 
to ground that are not normal and to shut off 
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the electrical power if such a ground leak is 
found. That ground leak could go through 
your body and kill you. My shop is located in a 
damp basement, so the whole electronics shop 
is run through ground fault interrupter, a 
(GFI). This is essential protection. 

If you use older test equipment, you may 
find that your GFI switches off frequently for 
no known reason. This is because the line 
filter capacitors in your piece of equipment, 
from the 120-volt line to ground, have started 
to leak, which means too much electrical cur- 
rent is flowing through them. This may be 
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enough to cause the GFI to “trip,” or shut off. 
The only way to solve the problem is to replace 
the capacitors with new ones of the same ca- 
pacity and a 600-volt or more voltage rating. 

It is easy to turn on the GFI again. There is 
a small reset button on the front of the unit. 
See Chapter 5 again for more information on 
the GFI. 

@ @ @ Isolation transformer. This device 
protects you from the 120-volt line and may in 
some models give you a way to vary its output 
voltage in testing your radio. It will allow you 
to increase the line voltage fed to an AC set 
gradually, which can help you find power 
supply problems before they cause damage. It 
will allow you to run an intermittent radio at a 
high line voltage to force it to act up. But most 
importantly, it will completely protect you 
from line shock hazard on an AC/DC set. 

Isolation transformers are available in many 
forms, some very expensive. Several are avail- 
able from Antique Electronics Supply. Other 
professional-quality units can be obtained 
from Fordham Radio. See the end of this 
chapter for plans for building a unit with parts 
from Radio Shack that will work for smaller 
AC/DC sets. 

@ @ Signal injector. This instrument pro- 
duces a broad band electrical signal that can be 
used to test both R.F. and A.F. amplifier 
stages. It is not particularly useful in tuning or 
aligning a set. You don’t need one if you plan 
to use the more useful R.F. signal generator. 
Injectors are available at low cost from An- 
tique Electronics Supply, which calls it a cir- 
cuit tester. 

@ @ RF. signal generator. A signal gener- 
ator, which will produce modulated signals of 
any frequency needed, is almost essential for 
any alignment of radios and is very helpful in 
troubleshooting. Try to find a unit that will 
produce signals from 100 kHz. to at least 20 
mHz. These are available from any radio ser- 
vice supply source. 

Good basic units are available new in the 
$150 price range from several sources. Ford- 
ham Electric has several. You can also find 
many used ones on the market. Look for 
Heathkit and Eico models; they are simple and 
reliable. You can find them for less than $50 if 
you look. I use a Heathkit IG-102, one of their 
cheapest models, which does the job well. 
‘T'wo other nice ones are the Eico 324 and 330. 

Here’s a tip: If you get a used generator it is 
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probably out of alignment; that is, the fre- 
quency on the dial will be 5 to 10 percent off 
from the actual frequency produced. Try to 
avail yourself of a frequency counter to reset 
your generator. The instruction book for the 
generator will tell you where the adjustment 
points are in your unit. If you have no instruc- 
tions, simply make a chart that shows what the 
dial of your generator must be set for to pro- 
duce several accurate frequencies. You want 
to be able to get accurate frequencies of 
455 kHz, 600 kHz, 1000 kHz, 1500 kHz, 
5 mHz, 10 mHz, 10.7 mHz, and 20 mHz. 
Knowing the dial setting on your generator for 
those, you can find almost any frequency you 
need with enough accuracy to do your work. 

The best thing to do is buy a frequency 
counter (Fordham Electric again) and attach it 
permanently to the signal generator. This 
makes finding the frequency desired very easy. 
It is useful for aligning signal generators as 
well. Some of the more expensive signal gen- 
erators made now have the frequency counter 
built in. 

@ @ Tube tester. No one manufactures a 
tester today that will test the four-, five-, six-, 
and seven-pin tubes found in older sets. Used 
tube testers that will do this can be found at 
older radio-television repair shops. Many radio 
amateurs or hobbyists will have one. Check 
the ads in newsletters that serve antique radio 
collectors, or watch for them in antiques malls 
or flea markets. They will cost anywhere from 
$5 to $100. The one I use most cost me $5. 

@ @ Test loudspeaker. You can make a 
test loudspeaker from an old permanent mag- 
net (p.m.) speaker in a cabinet and an output 
transformer from an old radio. Make sure you 
are able to use the speaker with or without the 
output transformer. See the end of this chapter 
for a suggested circuit of one you can build 
easily. If you are going to test an output tube 
directly, you will need the output transformer. 
The speaker can be used directly to replace a 
p.m. or a dynamic speaker. If you use it to test 
a field coil speaker, leave the field coil on the 
original speaker connected to the set. Even 
better, find a used signal tracer unit such as an 
Fico 145. This is a test speaker and trans- 
former with extra features, such as a built-in 
amplifier. Again, if you look you can find 
them available. 

@ @ Series light tester. This is not neces- 
sary if you plan to buy or build an adjustable 
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voltage isolation transformer. You can build a 
series light tester by mounting two ordinary 
surface switch boxes and a surface mount light 
box on a suitably sized board. Fig. 12-2 shows 
a series tester with a switch. Wire from your 
120-volt line cord through switch (1), in series 
with a light socket (3), and to an ordinary 
double outlet (2). 

By screwing a high-wattage (200 watts or so) 
light bulb into the light socket, you can make a 
unit that will protect anything plugged into it 
from electrical overload and still allow the ra- 
dio plugged into the tester to run at nearly 
normal voltage. The higher the wattage bulb 
used, the higher the output voltage will be at 
the double outlet. By using different-sized 
bulbs, you can send a reduced voltage to any 
radio you want to run at low voltage. 

@ @ Condenser tester. This is a very use- 
ful unit that does two things: First, it measures 
(not very accurately) the capacity of a con- 
denser (now called capacitors). Most con- 
densers have their capacity marked on them. 
The tester will show if a condenser is open or 
has lost capacity for any reason. Some restorers 
simply replace all condensers. 

I find that the greatest value of a condenser 
tester is to test for leakage. Most old radio 
condensers are likely to leak (that is, pass DC 
in when they should not). A large share of 
radio problems are caused by these leaky con- 
densers. A condenser tester will find these. If 
you have a leaking condenser, replace it. 

Any time you make a capacity or voltage 
measurement on a condenser, make sure at 
least one wire is completely disconnected from 

‘the circuit to which it was connected. 

To my knowledge, no one manufactures a 
condenser tester that will test for leakage at 
high voltages, so you will have to look for a 
used one. I use an Eico 950. Most of the 
service-type condenser testers are similar. 

@ Power supply. When you are testing or 
using a classic-era battery set, farm radio, or 
newer tube-type battery radio, you will need a 


FIG. 12-2 Diagram of series 120V 


light tester. 
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power supply. These used to be called battery 
eliminators. This will provide a variety of volt- 
ages needed to use or test old radios. Several 
individuals make these for sale, and they are 
not very difficult to design or build. If you look 
through any of the antique radio collector’s 
magazines, you in time will find a circuit you 
can use. If you want to, you can obtain a kit or 
several different ready-built units from An- 
tique Electronics Supply . 

@ Line voltage meter. This handy but un- 
necessary item is not a service instrument but a 
little meter you leave plugged into the AC 
line. On an expanded scale (from 100 to 140 
volts), it shows how much voltage you are 
using. If you are in a brownout it can be 
helpful to know just what is happening. Ford- 
ham Electric has two: one currently available 
for $100 and one for $25. 

@ Oscilloscope. This television-like instru- 
ment allows you to see the nature of the wave- 
form of any electrical signal in a set. It is useful 
for signal tracing, finding distortion, spotting 
high-frequency oscillations, and so forth but is 
not essential for the beginner. It is expensive. 
If you buy a new one, get a triggered sweep 
type. A new unit for the serious hobbyist will 
cost from $250 to $500. Professional electron- 
ics service personnel use these scopes a great 
deal. I have a nice old Tektronics 535 dating 
from the 1960s that originally cost several 
thousand dollars. It is a real electric heater 
(about 70 tubes) and works beautifully. 

If you don’t want one that complicated, you 
can sometimes find other used oscilloscopes in 
the $50-to-$100 range. These can be unreli- 
able, so don’t buy one used without having a 
chance to test it to see if it will syne various 
frequency signals and has a green trace that 
doesn’t drift off the screen after a few minutes. 
It takes a while to learn to use the scope, but 
professionals find it invaluable. 

© Audio generator. If you are going to 
service hi-fi equipment or use an oscilloscope 
for audio testing, you may want a good audio 
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Zenith 1950 model 516Y chassis 
5G03 five-tube AC/DC clock radio 
in black Bakelite with gold bezel. 


0 0 90 70 55 
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Crosley 1946 model 66TA brown 
Bakelite six-tube AC AM/SW ra- 
dio. Model 66TW featured white- 
painted Bakelite; 66TC was made 
of wood. 


Zenith 1948 AM/FM chassis 7E01 
brown Bakelite seven-tube and se- 
lenium rectifier AC/DC AM/FM 
radio. 


generator. Again, used ones are in the $20-to- 
$50 range. The Eico 379 or Heathkit IG-48 
are good service models. These produce sine 
and square waves. Square waves are particu- 
larly useful with an oscilloscope for amplifier 
testing. Modern function generators can also 
be used as audio oscillators and can often be 
found quite cheaply. 

© Distortion analyzer. We are getting into 
very expensive hardware here. Don’t worry 
about them unless you will be servicing tube- 
type hi-fi equipment. They are hard to find, 
and new ones cost more than $1000. I found a 
used Heathkit IM-5258 that’s nice to have but 
isn’t used much. 

© FM generator. This is not necessary for 
most work but is nice for aligning FM stereo 
receivers. A Heathkit IG-37 is useful if you can 
find one. 


Since I enjoy collecting and working with 
old test equipment, I have a whole shop full of 
it. Very few restorers would want this much 
stuff. The old test gear can be interesting and 
often works very well. In many cases it is the 
only equipment available, since it is no longer 
manufactured. 

Beware: When you buy used test equip- 
ment, it may need some repair. Try to get 
operating instructions. Most old test equip- 
ment is fairly simple and has many of the same 
faults as radios from the same era. Because it is 
sometimes hard for the beginner to work on, 
try to buy used equipment with the right to 
return it if it doesn’t work properly. 


Shop Supplies 


Some supplies are very helpful to have. They 
don’t cost much, so even if you are just starting 
out, keep them on hand. 


- Solder (60 percent tin, 40 percent lead rosin 
core) 

- Desoldering braid (useful for cleaning solder 
from a connection you wish to take apart) 

- Television tuner-cleaner spray 

- Black electrical tape 

- Pack of colored tapes (useful for marking 
wires and connections) 

- WD-40 lubricant spray 

- Dry powdered rosin (available from music 
stores) 
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- Contact cement (which remains flexible) 
- Household cement 


Useful Substitute Testing or 
Replacement Parts 


It is good, even for the beginner, to have a few 
new parts on hand for repair and substitution. 
The bare minimum is noted in the list that 
follows. You don’t need to stock many, since 
they are available from a number of sources, 
like Antique Electronics Supply. If you work 
with old radios, you will want to develop a 
source for replacement parts. 

I keep parts sets of different kinds on hand. 
These are old radios with ruined cabinets or 
that are damaged in some way so that they are 
not fixable. These can be a cheap and valuable 
source of parts and tubes that you will need. 
You often can find them for next to nothing at 
junk shops. Remember to test carefully the 
parts you remove to make sure they are good 
before installing them in a radio. 

Here is my list of what I would stock new. 
The total cost of this list is under $10. 


- 22 mfd. 450-volt electrolytic capacitor 
- .1 mfd. 600-volt capacitor 

- .01 mfd. 600-volt capacitor 

- 100-ohm 10-watt resistor 

- 500,000-ohm volume control 

- 470,000-ohm $-watt carbon resistor 

- 100,000-ohm 4-watt carbon resistor 

- 10,000-ohm 3-watt carbon resistor 

- 2,200-ohm 4-watt carbon resistor 

- 470-ohm $-watt carbon resistor 


- #47 pilot light 


Don’t stock any tubes until you see what 
types of radios you are working on. If you have 
a tube tester, check the pull-outs—tubes you 
have taken from unrepairable radios. Most of 
the tubes will be usable if you can test them. 
Some repairers use this rule: when you need a 
tube, order two. The extra one goes into stock. 
Tubes are readily available from many 
sources, Antique Electronics Supply being 
one. 


Shop Tips 


Removing parts (desoldering connections). 
Heat the joint you wish to disconnect carefully 
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& Tests all receiving tubes (picture tubes with 
oe sent n-p-n and p-n-p transistors. Com- 
posite indication of Gm, Gp & peak emission. Simul- 
taneous selection of any one of 4 combinations of 
3 plate voltages, 3 screen voltages, 3 ranges of 
continuously variable grid voltage (with 5% accurate 
pot.). Sensitive 200 ua meter. 10 six-position lever 
switches: freepoint connection of each tube pin. 
10 pushbuttons: rapid insert of any tube element in 
leakage test circuit. Direct reading of inter-element 
leakage in ohms. New gear-driven rollchart. CRA 
Adapter $4.50. 
. Entirely electronic sweep circuit with accu- 
rately-biased increductor for excellent line- 
arity. Extremely flat RF output. Exceptional tuning 
accuracy. Hum and leakage eliminated. 5 fund. sweep 
ranges: 3-216 mc, Variable marker range: 2-75 mc 


ttt e 


bn 


In 3 fund. bands, 60-225 mc on harmonic band. 
4.5 xtal marker osc., xtal supplied. Ext. marker 
Provision. Attenuators: Marker Size, RF Fine, RF 
Coarse (4-step decade). Narrow range phasing con- 
trol for accurate alignment. 
@ 150 kc to 435 me with ONE generator in 6 
fund. bands and 1 harmonic band! +1.5% freq. 
accuracy. Colpitts RF osc. directly plate-modulated 
by K-follower for improved mod. Variable depth of 
int. mod, 0-50% by 400 cps Colpitts osc, Variable 
gain ext. mod. he only 3.0 v needed for 30% 
mod. Turret-mounted, slug-tuned coils for max. ac- 
curacy. Fine and Coarse (3-step) RF attenuators. 
RF output 100,000 uv, AF output to 10 v. 
. Uni-Probe — exclusive with EICO — only 1 
robe pectorms all functions: half-turn of probe 
tip selects DC or AC-Ohms. Calibration without re- 


moving from cabinet. Measure directly p-p voltage 
of complex & sine waves: 0-4, 14, 42, 140, 420, 1400, 
4200. DC/RMS sine volts: 0-1.5, 5, 15, 50, 150, 500, 
1500 (up to 30,000 v. with HVP probe, & 250 mc with 
PRF probe). Ohms: 0.2 ohms to 1000 megs. 412” 
meter, can’t-burn-out circuit. 7 non-skip ranges on 
every function. Zero center. 


oy Features DC amplifiers! Flat from DC to 4.5 mc 
usable to 10 mc, Vert. Sens.: 25 mv/in.; inpu 
Z 3. megs; direct-coupled & push-pull throughout. 
4-step freq.-compensated attenuator up to 1000:1. 
Sweep: perfectly linear 10 cps — 100 kc (ext. cap. 
for range to 1 cps), Pre-set TV V & H positions. 
Auto sync. lim. & ampl. Direct or cap. coupling; 
bal. or unbal. inputs; edge-lit engraved lucite screen 
with dimmer control; plus many more outstanding 
features, 


FREE CATALOG shows you HOW TO SAVE 50% on 65 models of top quality professional test equipment. MAIL COUPON NOW! 


Tube Tester #625 


Z Kit $34.95 6V & 12V Battery 
New Transistor NEW Tube & Wired $49.95 Eliminator hire piss Volt 
Portable Radio RA-6 CRT Fil. e tests 600 mil & Charger #1050 Kit $24.95 
Kit $29.95 NEW Power & Bias Tester #612 ’ series string type Kit $29.95 Wired $29 95 
Wired $49.95 Supply for Kit $3.95 Series/Parallel tubes Wired $38.95 . 
Incl. F.E.T.; less 9V bat Transistorized Wired $5.95 R-C Combination © illuminated Extra-filtered for 1000 Ohms/Valt 
Prealigned RF, IF Egpt. #1020 Fast-checks Box #1140 roll-chart transistor equipt. V-0-M #536 
xfmrs; push-pull Kit $19.95 radio/TV tubes, Kit $13.95 Pix Tube Test #1060 Kit $38.95 Kit $12.90 
audio; 6” spkr. Wired $27.95 pilot lamps, etc, Wired $19.95 Adapter....... $4.50 Wired $47.95 Wired $14.90 


33-00 Northern Bivd. L.1.C. 1, N.Y. 


R-C Bridge & R-C-L 
Comparator #950B 


VIVM Probes 

Kit Wired 
Peak-to-Peak.$4.95 $6.95 
REG $3.75 $4.95 


Weed 


Kit $19.95 High Voltage 
Add 5% in the West. Wired $29.95 Prod 0-25. cictessecostcurtns $4.95 
Reads 0.5 ohms- Scope Probes 
500 megs, Demodulator .$3.75 $5.75 
TURN PAGE FOR MORE EICO VALUES TR tAmt crn et fc $2.75 $3.95 
power factar Low Capacity..$3.75 $5.75 


Eico made a line of service instrument and hi-fi kits as extensive as Heath’s line. They were simple, reliable, 
and well-designed instruments. This ad is from Electronics World, September 1960. 
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with a soldering iron. As the solder starts to 
melt, use desoldering braid to soak up the 
melted solder. After it cools, cut off the soaked 
end of braid. Bare copper braid must always 
touch the joint. When you have removed as 
much solder as you can in this way, use the 
soldering tool with the double end to work the 
wire loose. You may be able to cut away parts 
of the wire to get it loose. Remove bits that you 
cut from the chassis. 

Sometimes the job can be made easier by 
cutting away the part to be removed, leaving 
about ¢ inch at the joint. It may be easier to 
work the wire end out. Other times, if you are 
disposing of the part, it may be as easy to cut it 
away, leaving about 3 inch of wire. This then 
can be twisted around the wire from the new 
part and the wires soldered. 

Beware: Do not splash solder around the 
chassis or tube socket. Solder splashes can 
cause short circuits. Carefully remove any 
spills. A pair of tweezers is helpful here. 

Soldering. The surfaces to be soldered must 
be clean. Use steel wool a distance away from 
the chassis to clean parts. Never use steel wool 
near or in the chassis. Bits of steel from the pad 
can cause serious problems, such as short- 
circuiting components or getting picked up by 
the loudspeaker magnet. 

When making a connection to a terminal or 
another wire, make a mechanical bond by 
hooking in the wire. Touch the joint with the 
iron and heat it for a few seconds. Touch 
solder to the point where the iron touches the 
joint. Melt on just enough solder to cover the 
joint. Remove the iron and cool the joint with 
pliers. 

Do not heat the joint longer than necessary 
to flow on the solder smoothly. Excessive and 
prolonged heat sometimes will damage con- 
densers and resistors. If not enough heat is 
used, the joint will have insufficient solder 
flow. This joint will develop a high resistance 
later and give trouble. Solder should flow over 
the entire joint with the wire. 

Burns. You probably will get small burns on 
your hands from your soldering iron or solder 
splashes. If you do, immediately run cold wa- 
ter over the burn, even if it doesn’t hurt. Every 
time it starts to hurt, cool it again with water. 
Cover it only if it has blistered or if the skin is 
broken. See Chapter 5 for more information. 
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Electrical shock danger. Do not work on 
electrical equipment in an environment where 
you are grounded; that is, where any part of 
your body or work surface can contact the 
ground. This is important! If you come into 
contact with any voltage in relation to that 
ground, you become a resistor, and an electric 
current will flow through you. It takes only 
about 400 of an ampere to kill under the right 
circumstances. If you haven’t done so, read 
Chapter 5 for a detailed discussion of the dan- 
gers. Remember that there are high voltages in 
any working radio chassis. Make all repairs, 
and as many tests as you can, with the power 
off and the chassis unplugged from the 120- 
volt line. 

Working with old electronic equipment is 
not particularly dangerous if you are careful. 
Knowledge of electricity and deliberate cau- 
tion give you the protection you need. When 
in doubt, check with your voltmeter. 

Equipment you can build. In addition to 
the series light tester described earlier in this 
chapter, there are two other useful pieces of 
equipment that you can put together. 

Test speaker. This is useful as a quick re- 
placement speaker for testing radios and for 
providing a built-in output transformer for fur- 
ther testing of a questionable output trans- 
former. See Fig. 12—3 for a diagram of one I 
built. Most of the parts can come from a 
junked radio. You will need a five-to-eight- 
inch permanent magnet (P. M.) speaker (skr on 
the diagram). This can be old, but it should be 
in good condition. You will need to make 
some sort of cabinet for the speaker. You will 
need an output transformer (Tl on the dia- 
gram). This can come from any old radio with 
a single output tube. You will need S1, a 
single pole switch (SPDT), and Rl, a 1-watt 
resistor that can be anything from 10 to 50 
ohms. You will also need four banana plug 


S1 
O @ 
Bi | B2 <j 
R1 
O) 
T1 


FIG. 12-3 Test speaker with output transformer. 
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binding posts for making connections in and 
out of the speaker. These pairs of binding posts 
are marked Bl] and B2 on the diagram. 

To use the unit, S1 is switched to the Rl 
side, and the clip leads that go to the speaker 
connections in the radio are connected to 
binding posts B2. You might mark this posi- 
tion on your switch speaker. Switched the 
other way, you can connect your test leads to 
B] and the other ends to the plate of the output 
tube in your radio and to B+. You might 
mark that position on the switch transformer. 
The purpose of S1 is to remove T1 from the 
circuit when you are using the speaker alone. 

Isolation transformer. Chapter 5 empha- 
sized the importance of using an isolation 
transformer, particularly on AC/DC sets. See 
Fig. 12—4 for a unit that was built from parts 
obtained at a local Radio Shack store for about 
$40. It will provide a satisfactory and safe out- 
put to radios requiring up to about 60 watts. 

For Tl and 2 in the diagram, any large 
hlament-type transformer will do. Both should 
have the same secondary voltage. The trans- 
formers in this unit are 25.2-volt 2-amp trans- 
formers, the largest that Radio Shack sells. 
Higher-amp transformers would be better. 
Don’t use transformers smaller than these 25- 
volt units. 

You could simply wire the transformers’ 
25.2-volt winding to 25.2-volt winding, and 
put a plug on one 120-volt end and an outlet 
on the other 120-volt end and have a useful 
isolation transformer. This design adds a cou- 
ple of useful features and puts it all in a cabi- 
net. S3 is simply an on/off single-pole switch. 
Resistors R1 and R2 are 2-ohm and 5-ohm 10- 
watt units. Sl and S2 are single-pole switches 
handling 6 amps of current. 

Stop and think about how they work. With 
both S1 and S82 turned on (closed), this acts as 


$1 
$3 


$2 
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a simple isolation transformer with the two 
25.2-volt windings connected together. If $1 is 
opened, you will have a 2-ohm resistor in 
series, slightly reducing the voltage arriving at 
the 25.2-volt winding of T2 and reducing the 
output voltage somewhat. If S2 is opened, you 
have 5 ohms in series, further reducing the 
output. If both S] and S2 are opened, you will 
have 7 ohms in series, and the winding and the 
output will be yet lower. This means that if 
you want to bring up the operating voltage of 
your receiver slowly while you watch for prob- 
lems, you can do it by opening and closing $1 
and $2. You have an adjustable voltage isola- 
tion transformer. Locate R1 and R2; they will 
get hot when they are in the circuit, so make 
sure they do not touch wires and have some 
ventilation. : 

Here are a couple of other points: When I 
needed a line plug and wire and an output 
plug, I simply bought a short extension cord 
and cut it in two parts. I also added two insu- 
lated pin jacks across the output side of T2 in 
order to look at the output voltage with an AC 
voltmeter. This way, I know exactly what volt- 
age is being fed to the radio. 

When you build this or any other piece of 
equipment, plan ahead where you will put 
parts. Work neatly, and be careful that touch- 
ing parts are properly insulated from each 
other. 


Service Literature 


Finding circuit diagrams and service instruc- 
tions can be difficult. It is good to subscribe to 
an antique radio magazine and to belong to at 
least one club. Magazine ads give sources for 
diagrams. Watch for sales of old television 
shops, or for dealers specializing in old elec- 
tronics in antiques malls or flea markets. 


En @ 


FIG. 12-4 Circuit of isolation 


transformer. 
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The manufacturer of this portable radio is unknown Heathkit circa 1950 model TC-1 tube tester. 
because the decal has worn away. Stylistically, this 

is typical of many small personal battery portables. 

It features a linen luggage-style case. 


1992 Micronta (Radio Shack) model 22-220 FET — Homemade radio shop test speaker 
multitester. This is a good example of a modern test 
meter that also is useful for old radio work. 
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Three main sources for service information 
were published in the days of tube-type radios. 
‘T'wo are out of business, although one has 
been reprinted to some extent. 

Supreme Most Often Used Radio Diagrams 
were published each year from 1939 through 
the 1960s. There also was a useful diagram 
book covering 1926 through 1938. These in- 
clude only a sampling of diagrams, but you 
often will find something close to the radio you 
are working on. Each volume is about 32-inch 
thick. These will probably be the least expen- 
sive. I have seen some reprinted but don’t 
know of a source. 

Rider manuals. There are 23 of these loose- 
leaf volumes, varying in thickness from 3 
inches to 53 inches thick. These include other 
service data in addition to diagrams and cover 
almost all radios made from about 1930 to the 
late 1950s. They take up space but are useful if 
you are going to do a lot of work. Except for 
volumes |, 2, 3, and 23, they can be bought 
for a quite reasonable cost, if you can find 
them. 

Sams folders. Howard B. Sams began pub- 
lishing folders from 1946 on. The company is 
still publishing service information today. Un- 
fortunately its early material is out of print. 
These provide the most thorough information 
you can find, often better than the service in- 
formation provided by the manufacturers. 

It is hard to find the early Sams folders. 
Sometimes these are bound in volumes. My 
collection, which extends into the mid-1960s, 
is housed in 79 volumes, each 44 inches thick. 

Most collectors won’t want or need that 
much information. If you use your common 
sense, your knowledge of electronics, and the 
information in this book, you can service most 
of the old radios available. Still, it is useful to 
look for and purchase the professional litera- 
ture when you can find it. 


Other Books and Sources 


Sometimes the old radio magazines (Radio 
News and Radio Craft, for example) can be 
found. They are both fascinating and useful. 
Many radio collectors seriously collect old 
magazines, advertising, and literature. I am 
one of those collectors. 

There are many older books on radio the- 


124 


ory, amateur radio, and servicing. Look at the 
books in stock at used book stores and old radio 
specialty dealers. If they look like they might 
help you, buy and read! This is a low-priced 
way to expand your knowledge. 

There are five books I especially recom- 
mend. 

John Markus’s Television and Radio Re- 
pairing (New York: McGraw-Hill, 1953) is el- 
ementary, focusing on the techniques of ser- 
vice more than on theory. Good drawings, 
many of them reused in this book, are pro- 
vided. 

Alfred Ghirardi and J. Richard Johnson’s 
Radio and Television Receiver Troubleshooting 
and Repair (New York: Rinehart, 1952) is an 
excellent, systematic text on servicing, pro- 
viding good instruction on technique and the 
theory behind it. If you can find it, get it. I 
think it is the best. Any of the Ghirardi books 
going back into the early 1930s are well done. 
Ghirardi’s 1931 book Radio Physics Course 
(New York-Radio Technical Publishing Com- 
pany) is a classic. 

Abraham Markus’s Radio Servicing: Theory 
and Practice (New York: Prentice-Hall, 1948) 
is good on theory. Markus wrote a number of 
books and is an excellent teacher. 

Abraham Markus and William Markus’s El- 
ements of Radio (New York: Prentice Hall, 
1943) originally was prepared for preinduction 
radio training. This book is a very fine source 
of basic electronics understanding. 

William Wellman’s Elementary Radio Ser- 
vicing (New York: Van Nostrand, 1947) is a 
technical high school text using a job sheet 
approach. It is good on technique but not too 
good on theory. 

At the time this book was first written, in 
1982, only one book on servicing old tube- 
type radios was available: Clayton Hallmark’s 
How to Repair Old-Time Radios (Blue Ridge 
Summit, Pa.: Tab Books, 1979). Still a good 
text, it has been joined by many other books 
for repairers and restorers. I will not try to 
identify or recommend all of the new books in 
this growing field. Check on what is available 
since books on radios often go out of print. 

Read all you can and practice what you 
read. If you find some new ideas on trouble- 
shooting, try them out. You will learn and 
develop your own style. 
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Zenith 1948 model 5E01 ivory 
plastic five-tube AC/DC AM ra- 
dio. 


Airline 1937 radio in brown Bake- 
lite case with leaf design in relief on 


the top. 


Zenith 1946 model D6015 brown 
Bakelite radio. Although it is por- 
table (note the handle), it operates 
only on AC current. 
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Sources for Parts 


Many people supply parts for repair and resto- 
ration. Many of the supplies you need will be 
found at your local Radio Shack store. A use- 
ful general source of parts and tubes is Antique 
Electronics Supply, 6221 South Maple Ave- 
nue, Tempe, AZ 85283. A reliable source for 
test equipment and some supplies is Fordham 
Radio, 260 Motor Parkway, Hauppauge, NY 
11788. 

Many specialty suppliers and individuals 
have made reproductions of some of the most 
difficult-to-get parts for some major brands. | 
do not want to exclude worthy sources, but I 
could never list them all. Read at least one 
national magazine on collecting and join an 
antique radio collector club near you. These 
are the places where you will find the informa- 
tion you need. 
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Sources for Information 


‘Two information sources come to mind that 
have been around for many years: Antique 
Radio Classified (P.O. Box 2, Carlisle, MA 
01741) and Radio Age (636 Cambridge Road, 
Augusta, GA 30909). Both carry interesting 
articles, extensive adds, and information about 
the many clubs that have sprung up across the 
country. Write one or both of these magazines 
for subscription information. Either one will 
keep you up to date. 

There are many clubs, so look for one close 
to you. Two national clubs stand out and pub- 
lish excellent magazines: Antique Wireless As- 
sociation (Box E, Breesport, NY 14816) and 
Antique Radio Club of America (3445 Adaline 
Drive, Stow, OH 44224). 
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Appendix: Information on Wd dd 
Common Tubes VB 


Basic information on some common tubes 1s 
helpful when you are testing filaments or iden- 
tifying pins on a tube socket for voltage tests or 
reconstructing a circuit. These diagrams show 
the numbering of the pins, looking at them 
from the bottom of the tube. When you get an 
opportunity, buy an old tube manual, as it will 
give you much useful information. RCA tube 
manuals are the most useful and common. 
For more information on tube operation see 
Chapter 2 and the sections on circuit opera- 
tion. 

Tube pins are marked on the diagrams with 
the following letter identifications: F = fila- 
ment; G (or G1) = control grid; H = heater; P 
= plate; HL = heater tap for panel lamp; K = 
cathode; NC = no connection; G2 = screen 
grid; PD = diode plate. 

Tube identifiers. Later tubes with octal 
bases used an identifying system consisting of a 
number, one or more letters, and a number. 
Sometimes in reading circuit diagrams, you 
will find that one or more letters follow the last 
number, for example, 6F6, 6F6G, 6F6GT. 
All three are power output tubes of the pentode 
type. The 6F6 is a metal shell tube, the 6F6G 
is a glass tube with a large shell, and the 
6F6GT is a glass tube with a smaller tubular 
shell. These usually are interchangeable. 
Sometimes, in R.F. amplification or mixer 
use, the metal tube with its built-in shielding 
will work where a glass one will not. The glass 
tube would be all right if it had an outside 
metal shield attached. 

Old tube identifiers. Tubes like ’01A, 712A, 
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FIG. A-1 Cutaway picture of metal tube. 


and ’71A usually are identified on the tube and 
in diagrams with a 1, 2, or 3 leading num- 
ber—for example, 101A, 201A, and 301A. 
The first number refers to the manufacturer 
and has nothing to do with the tube’s charac- 
teristics. The 1, 2, and 3 tubes are inter- 


FIG. A-2 Tube base diagrams. 
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FIG. A-3 Tube base diagrams. 


Use in Circuit 


general amplifier 
converter 

power output 

detector, amplifier 

R.F. amplifier 

R.F. amplifier 

detector 

power output 

power output 

power output 

power output 

power supply rectifier 
converter 

converter 

R.F. amplifier 

detector, audio amplifier 
R.F. amplifier 

power output 

general purpose 

detector 

power output 

amplifier, converter 
detector, audio amplifier 
converter 

R.F. amplifier 

general amplifier 
detector, audio amplifier 
power output 

power output 

detector, audio amplifier 
amplifier, converter 
R.F. amplifier 

general amplifier 
detector, audio amplifier 
general amplifier 

R.F. amplifier 
converter 

converter 

R.F. amplifier 

detector, audio amplifier 
FM/AM detector, audio amp 
R.F. amplifier 

power output 

rectifier in power supply 
general amplifier 
general amplifier 
amplifier, detector 
power output 

power output 

power output 

rectifier in power supply 
rectifier in power supply 
R.F. amplifier 


Plate 
Tube Base Fil. Volts 
Number # Volts Max. Type of Tube 
ee SS Ee ae 
‘OIA 4A Sv 135v triode 
IRS 7J 1.4v 90v pentagrid 
1S4 7I 1.4v 67. 5v pentode 
iss 7H l.4v 90v diode-pentode 
1T4 7G 1.4v 90v pentode 
1U4 7G 1.4v 110v pentode 
1U5_ 7F 1.4v 90v diode-pentode 
2A5 6A 2.5v 375v pentode 
304 7K 2.8v 90v pentode 
3S4 7K 2.8v 90v pentode 
3V4 eL 2.8v 90v pentode 
5Y3 8k Sv double diode 
6A7 7A 6. 3v 300v pentagrid 
6A8 8A 6. 3v 300v pentagrid 
6C6 6B 6.3v 300v pentode 
6C7 7B 6. 3v 250v dual diode-triode 
6D6 6B 6.3v 300v pentode 
6F6 8] 6.3v 375v pentode 
6F7 1G 6. 3v 250v triode-pentode 
6H6 8M 6. 3v dual diode 
6K6 8] 6.3v 315v pentode 
6K8 8B 6.3v 300v triode-hexode 
607 8H 6. 3v 300v dual diode-triode 
6SA7 8C 6. 3v 300v penagrid 
6SK7 8D 6. 3v 300v pentode 
6SN7 8L 6.3Vv 300v dual triode 
6SQ7 8E, 6. 3v 300v dual diode-triode 
6V6 8] 6. 3v 315v pentode 
LZ A 4A Sv 180v triode 
12AT6 7N 12.6v 300v dual diode-triode 
]2AT7 9B 12.6v 300v dual diode 
12AU6 7M 12.6v 300v pentode 
12AU7 9B 12.6v 300v dual triode 
12ZAV6 7N 12.6v 300v dual diode-triode 
12AX7 OB 12.6v 300v dual triode 
12BA6 7M 12.6v 300v pentode 
12BE6 7 12.6 300v pentagrid 
12SA7 8C 12.6v 300v pentagrid 
12SK7 8D 12.6v 300v pentode 
12SQ7 8E 12. 6v 300v dual diode-triode 
19T8 9A 18.9¥ 300v triple diode-triode 
24A 5B 2.5v 250v pentode 
25L6 8G 25v 200v beam power 
25Z5 6C 25v double diode 
26 4A 1.5v 180v triode 
2] 5C 2.5v 275v triode 
30 4A 2v 180v triode 
35B5 7E 35v 117v beam power 
pe) 7D 35v 135v beam power 
35L6 8G 35v 200v beam power 
35W4 7P 35v diode 
35Z5 8F 35v diode 
36 5B 6. 3v 250v tetrode 
130 
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Tube Base Fil. Volts 

Number # Volts Max. Type of Tube Use in Circuit 

39/44 5D 6. 3v 250v pentode R.F. amplifier 

4] 6A 6. 3v 315v pentode power output 

a 6A 6.3v 375v pentode power output 

43 6A 25v 160v pentode power output 

45 4A 2.5v 275v triode power output 

a 5A 2.5v 250v pentode power output 

50B5 TE 50v 135v beam power power output 

50C5 7D 50v 135v beam power power output 

50L6 8G 50v 200v beam power power output 

56 5C 2.5v 250v triode general amplifier 

57 6B 2.5v 300v pentode audio amplifier 

58 6B 2.5v 300v pentode R.F. amplifier 

"T1A 4A Sv 180v triode power output 

75 6D 6. 3v 250v dual diode-triode detector, audio amplifier 
76 5C 6. 3v 250v triode general amplifier 

77 6B 6. 3v 300v pentode amplifier, detector 

78 6B 6. 3v 300v pentode R.F. amplifier 

80 4B Sv double diode rectifier in power supply 
89 6B 6. 3v 180v pentode power output 

117Z3 70 1l7v diode rectifier in power supply 


changeable. In some literature, a tube will be 
identified as 01A or simply OLA. 

Purchasing replacement tubes. Before buy- 
ing a replacement tube, check the prices of two 
or more sources, if possible. Tubes can cost 
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four times as much from one source to an- 
other, so it pays to shop around. If you can test 
tubes, save good ones from junked sets. For 
most use, tubes that test 75 percent of new 
value are usable. 


APPENDIX: INFORMATION ON COMMON TUBES 


VUE Glossary 


A: heater or filament voltage for a tube. Sup- 
plied by battery or power supply. 

AC (alternating current): type of current in 
which the direction of the electron flow 
changes regularly at a rate measured in cy- 
cles per second, or hertz (Fig. G-1). 

AC-DC: a radio capable of operating from 
either an AC or a DC primary power 
source. 

Aerial: a conductor or system of conductors 
used for radiating or receiving radio waves. 

Alignment: the adjustment of receiver inter- 
nal controls for the best reception of signals. 

Ampere (amp): the unit of current flow. The 
current through a resistance of one ohm at 
an electrical pressure of one volt. 

Amplification: the increase in the voltage, 
current, or power of a signal. 

Antenna: aerial. 

Arcing: electron current across a gap between 
two conductors. 

Audio frequency (A.F.): an audible fre- 
quency, about 20 to 20,000 cycles (hertz) 
per second. 

Audion: the vacuum tube developed by Lee 
DeForest. 

Automatic volume control (AVC): a method 
of maintaining the output volume of a re- 


One Cycle 
FIG. G-1 AC cyele. 
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ceiver at a constant level, regardless of varia- 
tions in the R.F. input signal strength. 

B (B+): the positive plate voltage used to 
draw electrons emitted by the cathode or fil- 
ament to produce a useful current through a 
tube. It is supplied by battery or power 
supply. 

Bakelite: trade name for a phenolic plastic 
used for insulation. 

B eliminator: A-B voltage power supply get- 
ting its energy from an AC power source. 
Bias: a negative voltage applied between the 
grid and cathode of a tube to reduce current 

through the tube to a desired level. 

Blocking condenser: a condenser used to 
keep direct current out of a circuit while 
passing alternating current. 

Breakdown voltage: the voltage at which an 
insulator or dielectric will puncture, 
causing an electric arc and failure of the 
part. 

Broadcasting: transmission of speech or mu- 
sic to a broad audience by means of radio 
frequency waves. 

Bypass condenser: a condenser used to pro- 
vide an alternating current path around 
some circuit element. 

C: negative voltage, called bias, applied be- 
tween the grid of a tube and its cathode. 
Allows a tube to operate more accurately as 
an amplifier. 

Cable: several insulated wires within an outer 
covering. 

Capacitor: a condenser. A device used to 
store small amounts of electrical energy. It 
will pass changes in charge level while re- 
sisting unchanging energy movement. 
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Carrier wave: the radio frequency output of a 
transmitter that may or may not be modu- 
lated by a signal. 

Carrier frequency: the frequency of a trans- 
mitter’s carrier wave. 

Cathode: source of electron flow in a vacuum 
tube. 

Center tap: the mechanical and electrical 
center of a transformer winding or a resistor. 

Charge: the condition of having an excess or 
absence of electrons. 

Chassis: the base (usually metal) on which a 
radio is built. 

Choke coil: a coil having high inductance, 
which opposes alternating current while al- 
lowing passage of direct current. 

Coil: a wire wound in a circular form that 
possesses inductance. 

Component: a part of a circuit. (Examples: 
condenser, resistor, transformer, tube, 
speaker, tube socket, and so on.) 

Condenser: a capacitor. ‘T'wo conducting sur- 
faces (plates) separated by an insulator (di- 
electric). If one plate receives a charge, the 
other plate will develop an opposite charge. 
Changing charges on one plate will cause a 
corresponding change on the other. Steady 
charges, such as a DC voltage, will charge 
the opposite plate only once. No steady cur- 
rent will flow, but a varying current will. 

Condenser capacity: the electrostatic storage 
ability of a condenser, measured in farads. 

Condenser leakage: a small flow of current 
through a condenser with a faulty dielectric. 

Conductor: a material that allows current to 
flow through it easily when a voltage is ap- 
plied between its ends. 

Contact points: the metal parts of a switch 
that complete a circuit when they touch. 
Converter: in superheterodyne radio this is 
the stage that converts the desired incoming 
radio frequency signal into a lower interme- 

diate frequency signal. 

Crystal detector: a detector that operates 
through the rectifying qualities of certain 
minerals. 

Current: electron flow. 

Cycle: one complete positive and one com- 
plete negative alternation of an alternating 
current. Measured in cycles per second or 
hertz. See Fig. G-1. 

DC (direct current): an electrical current in 
which the flow of electrons is always in one 
direction. 
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Demodulation: the process of detection of a 
modulated wave, current, or voltage, in or- 
der to obtain the signal given it in the modu- 
lation process. 

Detector (demodulator): device removing 
the radio frequency part of a signal, leaving 
its audio portion. 

Dielectric: a nonconducting medium. Any 
insulation between two conductors permit- 
ting electrostatic attraction and repulsion to 
take place across it. 

Diode: a two-element device, usually a vac- 
uum tube or crystal, that rectifies a current. 
It acts as a valve allowing current to flow in 
one direction only. 

Distortion: an unfaithful reproduction of the 
original waveform of a signal. 

Dry cell: a chemical cell producing 1.5 volts. 

Dynamic loudspeaker: a moving coil loud- 
speaker. 

Electric circuit: a complete conductive path 
permitting electron flow (Fig. G—2). 

Electrolytic condenser: a condenser in which 
the electrolyte and an electrode serve as 
plates. The dielectric is a film formed by 
electrolysis. The condenser has a high ca- 
pacity and is used for power supply filter and 
audio frequency bypass. 

Electron: the negative portion of an atom. 
The moving portion of an electric current. 

Element: one of the electrodes (working 
parts) of a tube or other device. 

Emission: electron release from a_ heated 
cathode or filament. 

Farad: the unit of measurement of capacity. 
Feedback: the transfer of energy from the 
output to the input of the same circuit. 
Field: the effect of an electrical current or a 
magnetic source on the space surrounding 

it. 

Field coil: the magnetic coil producing the 


Source 
Load 


FIG. G-2 Electrical circuit (source and load). 
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magnetic force in a type of dynamic 
speaker. 

Filament: a directly heated electron emitter 
in a vacuum tube. 

Filament circuit: al] parts through which fila- 
ment heating current flows. 

Filament rheostat: a variable resistance used 
to regulate the voltage to the filament of a 
tube. In some old sets it is used for volume 
control. 

Filter choke: an inductance used in a power 
supply to filter out DC variations (ripple). 
Filter condenser: the condenser used in a 
filter system to pass alternating or ripple cur- 
rents to ground while keeping the direct cur- 

rent (B+) in the circuit. 

First detector: in a superheterodyne receiver, 
the tube in which the received signal is 
mixed with a signal generated in the set to 
form an intermediate frequency. Some- 
times called a converter. 

Frequency: the number of cycles per second 
of an alternating current. 

Front panel: the surface on which most work- 
ing controls for a receiver are placed. 

Full wave rectifier: a two-section rectifier, 
arranged so current is allowed to pass to the 
load in the same direction during each half- 
cycle of the AC supply. One part works 
during one-half cycle, and the other during 
the next. 

Fuse: a protective device that will break the 
circuit if excessive current flows within it. 
Gain: the ratio of the output to the input of an 

amplifier, power, current, or voltage. 

Gang condenser: two or more variable con- 
densers operating from one control shaft. 

Grid: a wire coil or screen between the cath- 
ode and plate of a tube. When charged it 
retards or aids the flow of electrons from that 
cathode to the plate. 

Grid circuit: the grid and cathode of a tube, 
together with all parts connecting them. 
Grid current detection: the signal rectified in 
the grid circuit. Grid current flows through 
a high resistance, varying the bias on the 
tube at the modulation frequency. The tube 

amplifies the bias change. 

Grid leak: a resistance in the grid circuit of a 
tube that permits excess electrons to leak off 
the grid after each charge. Electrons accu- 
mulating on the grid would eventually block 
the tube, preventing operation. 
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Grid leak detector: a tube accomplishing grid 
current detection. 

Ground: the earth and all parts of a circuit 
connected directly to it. 

Ground Fault Interrupter (GFI): a device to 
shut off an electrical circuit if current flows 
outside of the path it is designed to control. 

Heater: the electric heater that heats the cath- 
ode of a tube, allowing the cathode to emit 
electrons. 

Henry (H): the unit of electrical inductance. 

Hertz (Hz): a unit of frequency equal to one 
cycle per second. 

Heterodyne: the combination of two separate 
frequencies. 

Hum: low-pitched droning sound produced 
by a line frequency signal that has entered 
an audio amplifer. 

Impedance: the total opposition of a circuit to 
alternating current, due to resistance and 
reactance. Measured in ohms. 

Inductance: character of a circuit opposing 
any change in current flow. Measured in 
Henrys (H). 

Inductive reactance: the opposition of a pure 
inductance to the flow of alternating cur- 
rent. Measured in ohms. 

Inductor: a coil. 

Input: the point at which power is put into a 
device, or the power that is introduced. 
Insulation: material used to prevent the flow 

of current between conductors. 

Interference: any undesired noise or signal 
entering a receiver. 

Intermediate frequency (I.F.): the frequency 
produced by combining a locally generated 
signal and the desired carrier signal it re- 
ceives. In superheterodyne receivers, this 
provides a new signal frequency that can be 
better amplified and tuned, improving re- 
ception. 

Intermittent: an irregular or occasional con- 
tact or connection within a circuit caused by 
shorting, loose connections, or other faults. 

Interstage transformer: a transformer used to 
couple two vacuum tube stages together. 

Isolation transformer: a transformer with an 
equal number of primary and secondary 
turns. It is used to isolate the incoming line 
from equipment connected to it. See Fig. 
G-3. 

Kilocycle (kc): 1,000 cycles per second. 

Kilohertz (kHz): kilocycle. 
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Symbol for Isolation 
Transformer 


Line Cord 


FIG. G-3 Isolation transformer (from Markus). 


Lead: a conductor attached to an electrical 
device. 

Lead-in: 
receiver. 

Line: a conductor supplying current to a load 
some distance from its source. 

Load: place where electron flow does work 
(see Fig. G—2). 

Local oscillations: any oscillating currents 
generated in a receiver. 

Loop antenna: an antenna of continuous 
turns of wire on a supporting frame (Fig. 
G-4). 

Loudspeaker: a device for converting audio 
frequency current into sound waves. 

Magnetic field: the field produced in the vi- 
cinity of a magnet. 

Megahertz (mHz): a unit of frequency equal 
to 1 million hertz. 

Mica condenser: a high-quality condenser 
with mica dielectric. 

Microfarad (mfd): a useful unit of capacity in 
radio work, which is 4,000,000 of a farad. A 
micromicrofarad (mmfd) is '/,000,000 of a mi- 
crofarad. 

Microphonic: condition existing when me- 
chanical vibrations affect a tube, causing 
sounds in its output. 

Milli-: prefix meaning one thousandth (1 
milliamp 4,000 or .001 ampere). 

Mixer tube: a tube in which a locally gener- 
ated frequency is combined with the carrier 


connection between antenna and 


FIG. G-4 Loop antenna. 
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signal frequency to obtain a desired inter- 
mediate frequency. 

Modulated wave: a continuous wave, the 
amplitude or frequency of which is varied in 
accordance with the signal to be trans- 
mitted. 

Motorboating: a low-frequency audio oscilla- 
tion in an amplifier. 

Multitester: a test meter capable of measur- 
ing a wide range of voltages, resistances, and 
currents. 

Negative: any potential lower than another 
that is taken as a reference. Example: — 6 
volts is negative to —2 volts. 

Neutralizing: the application of out-of-phase 
feedback to an amplifier to prevent oscilla- 
tion. 

Neutrodyne receiver: a receiver using neu- 
tralized tuned radio frequency amplifier 
stages. 

Ohm: the unit of electrical resistance. The 
value of resistance permitting the flow of | 
ampere of current to | volt of pressure. 

Ohmmeter: an instrument for measuring re- 
sistance, calibrated in ohms. 

Ohm’s law: defines the relationship of voltage 
(E), current (I), and resistance (R) in a cir- 
cuit. Expressed as | = E/R. 

Open: no electrical connection where one 
could or should exist. 

Oscillating: alternately surging first in one 
direction and then in the reverse. Caused in 
a vacuum tube by feeding a portion of the 
output into its input. 

Oscillating circuit: a circuit that contains in- 
ductance and capacity in which a voltage 
impulse produces a regularly reversing cur- 
rent. 

Oscillator: a device for producing oscillating 
currents of a frequency determined by the 
physical constants of the circuit. 
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Oscilloscope: a device for displaying electri- 
cal phenomena on a cathode ray tube 
screen. 

Output: power from a circuit sent to a load. 

Output transformer: the iron core trans- 
former coupling the power tube to a loud- 
speaker. 

P.M. speaker: a dynamic speaker with a mag- 
netic field produced by a strong permanent 
magnet. Used in most modern sets. 

Paper condenser: a condenser using a paper 
dielectric. 

Parallel circuit: a group of components 
through which power flows through individ- 
ual, separate loads (Fig. G5). 

Pentode: a five-element vacuum tube. 

Permanent magnet: a hardened piece of 
magnetized steel that will hold its magne- 
tism indefinitely. 

Plate: collector for electrons in a vacuum 
tube. Given positive charge to attract elec- 
trons. 

Plate bypass condenser: a condenser in paral- 
lel with the load of a detector tube to bypass 
radio frequency currents to ground, leaving 
audio frequencies unchanged. 

Plate circuit: the entire path through which a 
tube’s plate current flows. 

Plate condenser: a DC-blocking condenser 
in the plate circuit of a tube. 

Plate current: the direct current flowing be- 
tween the cathode and the plate of a tube. 

Plate current detection: obtained by operat- 
ing the detector with a high negative grid 
bias. As a result, the average plate current 
varies at the audio modulation frequency. 

Plate voltage: the positive DC potential be- 
tween the plate and cathode of a tube, called 
the B voltage. 

Polarity: characteristic of a device that has or 
requires a certain positive or negative charge 
at certain points. Example: both batteries 
and electrolytic condensers have plus or mi- 
nus poles. 


Current flow ——___» 


Voltage —— 
source 
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Positive: a shortage of electrons with respect 
to earth or another part of a circuit. 

Potential: the presence of electrons in excess 
or in fewer numbers than another point in a 
circuit produces an electrical pressure; 
called potential or voltage difference. 

Potentiometer: a variable resistance voltage 
divider. Often used as a volume control. 

Power amplifier: an amplifier designed to fur- 
nish power to a loudspeaker. 

Power supply: a source for necessary operat- 
ing voltages for a receiver. Sometimes called 
a battery eliminator, it receives its operating 
power from the AC power line. 

Preselector: a device (usually a tuned circuit) 
placed ahead of a frequency converter to 
pass signals of desired frequency and to re- 
duce all other frequencies. 

Primary winding: the winding of a trans- 
former to which power is applied. 

Push pull amplification: two tubes used in 
such a way that each provides output during 
the half-cycle when the other is not am- 
plifying or is operating out of phase. 

Radiation: the transmission of energy in 
waveform through a medium. In the case of 
tadio, space. 

Radio frequency (R.F.): any frequency 
higher than about 50,000 cycles per second. 

Radio frequency choke: an inductance coil 
offering a high opposition to radio fre- 
quency currents. 

Radio frequency oscillator: a device that pro- 
duces sustained oscillations at radio fre- 
quencies. It is usually in the form of a tuned 
circuit activated by a vacuum tube. 

Radio frequency transformer: a transformer 
designed to operate at radio frequencies. 
Radio spectrum: all frequencies capable of 

radiation. 

Radio wave: an electromagnetic wave that 
travels through space. 

Reactance: the opposition to the flow of alter- 
nating current by the inductance of a coil, 


FIG. G-5 Parallel circuit. 
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the capacity of a condenser, or a combina- 
tion of both. 

Rectification: the process of producing direct 
current from alternating current. 

Rectifier: a device that changes alternating 
current into pulsating direct current (Fig. 
G-6). 

Reflex circuit: a circuit arrangement in which 
the signal is amplified, both before and after 
detection, in the same amplifier tubes. 

Regeneration: increasing the energy input to 
a tube by feeding back part of the output 
into the input to be reamplified. 

Regenerative detector: a vacuum tube detec- 
tor in which regeneration is used to increase 
sensitivity by plate-to-grid coupling. 

Resistance: the opposition to a flow of cur- 
rent. Measured in ohms. 

Resistor: a unit offering a definite electrical 
resistance. 

Resonance: the condition existing when the 
capacitive reactance and the inductive reac- 
tance are in exact opposition. 

Resonant frequency: the frequency at which 
the inductive and capacitive reactance in a 
circuit become equal and cancel each 
other. 

Rheostat: a variable resistance. 

Screen grid: a grid placed between the control 
grid and the plate of a tube. Reduces ten- 
dency of tube to oscillate. 

Second detector: the tube that detects the 
intermediate frequency in a superhetero- 
dyne receiver. 

Secondary circuit: a circuit obtaining its en- 
ergy by induction from another circuit. 
Selectivity: the ability of a receiver to tune to 
a particular frequency while rejecting 

others. 


Alternating current 


+> =o a5 
Rectified AC 
(Pulsing DC) 


FIG. G-6 Alternating current/rectified AC (puls- 
ing DC). 
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Sensitivity: the degree to which a receiver 
responds to a given signal. 

Series circuit: several loads arranged so that 
power flows through each in turn (Fig. 
G-7). 

Sharp tuning: having a high degree of selec- 
tivity. 

Shield: a conducting metal enclosure, at- 
tached to circuit ground, used to protect a 
circuit from the effects of external magnetic 
or electrical fields. 

Short circuit (short): direct electrical connec- 
tion where none should exist. 

Short wave: generally, frequencies higher 
than 3,000 kilocycles. 

Signal generator: a device that supplies a stan- 
dard voltage of known amplitude, fre- 
quency, and waveform for measuring and 
test purposes. 

Source: location of the origin of an electrical 
current or signal. See Fig. G—2. 

Stage: a tube and its associated parts affecting 
a signal passing through it. 

Superheterodyne receiver: a receiver in 
which the transmitted signal is mixed with a 
signal generated in the receiver, producing 
an intermediate frequency that is always the 
same. This intermediate frequency is am- 
plified, tuned, and detected to reproduce 
the original audio frequency. 

Switch: a device for changing the connec- 
tions of a circuit. 

Tetrode: a four-element tube. 

Tickler coil: a winding used to couple the 
plate circuit of a tube with its grid circuit in 
a regenerative detector. 

Tone control: any method of emphasizing 
either high or low tones at will. 

Transformer: two or more windings with a 
common magnetic circuit, allowing the 


aa 
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FIG. G-7 Series circuit. 
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FIG. G-8 Basic transformer. 


transfer of power by magnetic induction. 
Used to transfer power, increasing or de- 
creasing its voltage, between two circuits. 
See Fig. G-8. 

‘Tritnmer condenser: a small, adjustable con- 
denser in parallel with a tuning condenser 
or coil for aligning a tuned circuit with other 
circuits in a receiver. 

Triode: a tube with three working elements. 

Troubleshooting: to look for, locate, and re- 
pair malfunctioning equipment. 

Tuned circuit: a circuit with parts selected to 
resonate at a certain frequency. That fre- 
quency may be reinforced, selected (and 
others rejected), or reduced in strength 
(trapped), depending on how the circuit is 
used. 

Tuned radio frequency amplification 
(T.R.F.): amplification of radio frequency 
signal with coupling between stages pro- 
vided by air core transformers with secon- 
dary windings tuned to resonate with the 
incoming radio frequency by tuning con- 
densers. 

Tuning: adjusting a circuit by varying its in- 
ductance or capacity to select a certain de- 
sired frequency while rejecting all other fre- 
quencies. ‘The circuit is made to resonate at 
the desired frequency. 

Tuning coil: an inductance coil in a circuit 
that may be tuned to resonance by varying 
its inductance. 

Tuning condenser: a variable capacity con- 
denser having one or more sets of fixed 
plates and one or more sets of rotating 
plates. It is adjusted to resonate with a fixed 
inductance at the desired frequency. 

Vacuum tube: a device consisting of a num- 
ber of electrodes contained within a high- 
vacuum enclosure. 

Variable condenser: any condenser whose 
capacity can be changed during operation. 


Applied 
voltage 


FIG. G-9 Voltage divider. 


Vernier dial: a device by which a complete 
turn of the control knob turns a shaft only 
part of a turn. 

Voice coil: a light coil attached to the cone of 
a dynamic speaker. The signal voltage in the 
coil reacts to the strong magnetic field sur- 
rounding it, moving the cone in proportion 
to the audio frequency voltage applied to it. 

Volt (v or V): the practical unit of electrical 
force. The electrical pressure that will cause 
one ampere of current to flow through a 
resistance of one ohm. 

Voltage divider: a series of resistances be- 
tween a positive and negative source that 
separates certain lower voltages (v 1, v 2, 
v 3 in Fig. G—9) for a receiver. 

Voltage drop: the difference between voltages 
at two points in a circuit. 

Voltage rating: the maximum regular voltage 
at which a device may be operated without 
damage. 

Voltmeter: an instrument that measures the 
voltage between two points. 

Volume: the degree of loudness of sound 
produced by a loudspeaker. 

Volume control: a device for regulating the 
intensity of volume. 

Watt: the unit of electrical power equal to a 
current of one amp ata pressure of one volt. 

Wavelength: the distance between two suc- 
cessive peaks of the same polarity on a wave. 
Usually measured in meters. 

Winding: the wire forming a coil. 

Wire-wound resistor: resistance wire-wound 
on an insulating form. 
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Abrasions, 47 
AC (alternating current), 15, 63-64, 65 
AC/DC set 
isolation transformer and, 44 
playing, 49 
power supply, 6 
troubleshooting and, 57-59 
AC set 
mass-market, 3 
playing, +8 
power supply, 6, 49 
troubleshooting and, 57 
A.F. See Audio frequency 
Age determination, 3, 6 
Alignment tools, 113 
Alternating current (AC), 15, 63-64, 65 
Aluminum, 14 
Aluminum paint, 83 
Amp (ampere), 14-15 
Amplification 
audio frequency, 27, 106 
intermediate frequency, 26, 71-72, 105 
tadio frequency, 26, 54, 69, 71 
tube and, 23, 24 
voltage and, 66-67 
Antenna 
circuit, 104 
description of, 26 
frequency modulated, 88 
radio frequency transformer and, 36 
systems, 87 
Antique Electronics Supply, 83, 119, 126 
Antique radio, 3, 49. See also specific parts and types of 
Antique Radio Classified, 126 
Antique Radio Club of America, 126 
Antiques malls, 122 
Antique Wireless Association, 126 
Atom, 14 
Auction, 9 
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Audio frequency (A.F.) 
amplifier, 27, 106 
rates of, 15 
receiving and, 27 
section, 49—50, 54 
signal, 26 
Audio generator, 117, 119 
Automatic volume control (AVC) circuit, 106 


Ballast resistor, 45 
Battery eliminators, 117 
Battery set 

classical, 3 

mass-market, 3 

playing, 48 

power supply, 6 

testing, 48 

troubleshooting and, 54, 57 
Bias, 67-68, 105, 107-109 

cathode, 67 

fixed, 67, 109 

grid leak, 107-109 
Blocking condenser, 18—19 
Books, 124 
Brass polish, 100 
Broadcasting, 24, 26 
Burns, 43, 45, 121 
Buying antique radios, 3, 9 
Bypass condenser, 18-19, 50 


Cabinet. See also Wooden cabinet 
cleaning, 31, 90, 91 
damaged, 6 
of mass-market set, 3 
plastic, 6, 9, 100-101 
of postwar radio, 6 
refinishing 
plastic, 100-101 


refinisher, 93—94 
staining, 94, 96, 98 
stripper, 93, 94 
varnishing, 94, 96, 98 
veneer replacement, 98, 100 
repairing, 91, 93, 100 
replacement and, 50, 53 
wires, 28 
Capacitance, 18-19. See also Condenser 
Capacitor, 18. See also Condenser 
Carbon resistor, 35-36, 75 
Castings, metal, 9, 83 
Cathode bias, 67 
Cathode tube, 21, 24 
Cement, 83, 119 
Ceramic condenser, 19, 35 
Chassis 
burned and blackened, 6 
cleaning, 28, 31, 113 
drying, 31 
examining, 3] 
fire hazard and, 45 
removing, 28 
trusted, 6 
safety precautions, 44-45, 63 
wires on, 40 
Chemical extinguisher, 45 
Chemical generation, 15 
Choke, 36, 72-73 
Circuit 
antenna, 104 
audio frequency amplifier, 106 
automatic volume control, 106 
condenser and, 18 
converter-oscillator, 104—105 
crystal receiver, 110, 112 
detector, 105-106 
diagrams, 24, 37, 54 
examining, 24 
modification and, 53 
power supply, 102, 104 
receiving and, 26 
regenerative receiver, 109-110 
short, 73 
superheterodyne receiver, 102 


tuned radio frequency receiver, 107, 109 


voltage and, 15 
Classical radio, 3 
Cleaning antique radios, 28, 3] 
Clock radio, 59 
Clubs, 126 
Coils 
broken, 9, 81, 83 
iron-cored, 17, 36 
magnetic force field and, 17-18 
radio frequency, 36-37 
Collecting antique radios, 3 
Compressor, 28, 31 
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Condenser. See also specific type of 
capacitance and, 18, 64 
circuit and, 18 
dial cord and, 32 
term of, 18 
troubleshooting and, 54 

Condenser tester, 117 

Condition, 6, 9, 13 

Conductor, 14 

Cone 
broken, 77 
damaged, 9, 81] 
examining, 40 
loudspeaker removal and, 31 
repairing, 77, 80—8] 
warped, 40, 77 

Contact cement, 119 

Control grid, 21, 23, 24 

Converter-oscillator, 104—105 

Copper, 14 

Corrosion, 56, 73, 75 

Coupling condenser, 18-19 

Crackling sound, 57 

Crystal receiver, 110, 112 

Current. See Electric current 

Cuts, 47 

Cycle, 15 


DC (direct current), 15, 64, 65 
Desoldering braid, 119 
Detector 

circuit, 105-106 

description of, 49 

diode tube and, 21 

grid leak, 68 


intermediate frequency amplifier and, 26, 105 


regenerative, 50 
Dial cord, 32, 76-77 
Dielectric, 18, 19 
Diode tube, 21 
Direct current (DC), 15, 64, 65 
Distortion analyzer, 119 
Dynamic speaker, 38 


Electrical shock, 121 
Electrical tape, 119 
Electric current 
capacitance and, 18 
electron theory and, 15 
magnetism and, 17 
measuring, +3—44 
Electricity, 43-45 
Electrode, 21 
Electrolytic condenser, 19, 32, 34, 72 
Electron, 14-15, 21, 23 
Electron flow, 15, 23 
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Electron theory 
atoms and, 14 
capacitance and, 18-19 
ceramic condenser and, 19 
electric current and, 15 
electron flow and, 15 
inductance and, 17-18 
magnetism and, 15, 17 
reactance and, 17-18 
repairing antique radios and, 14 
resistance and, 14-15 
resonance and, 19, 21 
Elementary Radio Servicing (Wellman), 124 
Elements, 14 


Elements of Radio (Markus and Markus), 124 


Enclosed power switches, 40 
Epoxy cement glues, $3 
Examining antique radios 
chassis, 31 
choke, 36 
circuit, 24 
condenser, 32, 34—35 
for condition, 9 
cone, 40 
importance of, 32 
loudspeaker, 37-38, 40 
plates, 32 


radio frequency transformer and coil, 36—37 


resistor, 35-36 

theostats, 35 

switches, 40 

transformer, 36 

tube, 32 

volume controls, 35 

wires, 40 

wooden cabinets, 91, 93 
Extinguisher, chemical, 45 
Eye protection, +7 


Failure of parts. See Troubleshooting 
Farad, 18 
Farm radio, 3 
Filament tube, 21 
Filter, 50, 64 
Filter condenser, 34, 64, 90 
Fine-tuning antique radios 
antenna, 87-88 
frequency modulated receiver, 87 
maintenance and, 88, 90 
superheterodyne receiver, 84—85 
tuned radio frequency receiver, 85, 87 
Fire hazard, 45 
Flea markets, 122 
Flexible arm, 113 
FM (frequency modulated) antenna, 88 
FM (frequency modulated) generator, 119 
FM (frequency modulated) receiver, 87, 88 


141 


Forceps, 113 
Fordham Radio, 126 
Free electron, 14 
Frequency, 15, 21. See also Audio frequency; Radio 
frequency 
Fumes, 47, 94 
Functional repair, 53 


GFI (ground fault interrupter), 44, 115-116 

Grading guide, 13 

Grid leak bias, 67-68 

Grid leak resistor, 75 

Grille, 6, 9, 100 

Ground fault interrupter (GFI), 44, 115-116 

Grounding, 43, 87 

Guide to Old Radios: Pointers, Pictures and Prices 
(Johnson and Johnson), 3 


Heat sensitivity, 54 

Hertz (Hz), 15 

Hex wrench set, 113 

How to Repair Old-Time Radios (Hallmark), 124 
Humming, 57, 64 


I.F. See Intermediate frequency 

Inductance, 17-18, 19, 21 

Information sources, 122, 124, 126 

Insulated test wires, 113 

Insulation, 9, 14, 40 

Interfacing, 100 

Intermediate frequency (I.F.) 
amplifier, 26, 71-72, 105 
description of, 26, 105 
transformer, 37, 105 

Intermittent fault, 54, 56 

Iron, 14, 17 

Isolation transformer, 44, 48, 116, 122 


Knobs, 9, 28, 91 


Lighter fluid, 31 
Lightning, 87 
Line voltage meter, 117 
Listening to antique radios, 49-50, 87 
Loudspeaker. See also Cone 
cleaning, 31 
dynamic, 38 
electrical faults in, 40 
examining, 37—38, 40 
field coil, 81, 83 
magnetism and, 15 
output, 59, 62, 68-69 
plugging in, 49 
protecting, 28 
removing, 28, 31 
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repairing, 77, 80-81, 83 
troubleshooting and, 54, 59, 62 
Loudspeaker tester, 116 


Magazines, 122, 124 

Magnet, 15, 38 

Magnetic flux, 15, 17 

Magnetic force field, 15, 17 
Magnetic generation, 15 
Magnetism, 15, 17 

Maintaining antique radios, 88, 90 
Mass-market radio, 3, 6 

Meissner 5 tube model 10—1191A, 102 
Mica condenser, 35 

Microfarad, 18 

Micromicrofarad, 18 

Mineral spirits, 91] 

Modification, 53 

Motorboating, 50, 57 

Mouse damage, 6 

Multigrid converter tube, 24 
Multitester, 49, 54, 114-115 


Naphtha, 31 

Negatively charged body, 14 
Newsletters, 126 

Nucleus, 14 

Nut driver set, 113 


Ohm, 14-15, 43, 65 

Ohmmeter, 75 

Open-contact tone, band, or phono switches, 40 
Oscillation, 24 

Oscilloscope, 117 

Output transformer, 68-69, 106 

Output tube, 68-69 

Overheating, 48 


Paintbrush, soft, 28, 113 
Paper condenser, 34-35, 74-75 
Paper veneer, 93 
Parts of antique radios. See also specific names of 
burns and, 45 
changing, 45 
cleaning, 31] 
diagrams of, 24 
failure of, 54 
fire hazard and, 45 
missing, 6, 9 
removing, 119, 121 
replacing, 40 
sources for, 126 
substitute, 119 
total restoration and, 5 
Paste wax, 90 
Paste wood filler, 96 
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Pentode amplifier, 105 
Pentode tube, 24, 69, 71 
Plastic cabinet, 6, 9, 100-101 
Plates, 18, 21, 32 
Playing antique radios 
AC/DC sets, 49 
AC sets, 48 
battery sets, 48 
first time for, 48-49 
listening and, 49-50 
safety precautions for, 28 
voltage for, correct, 48, 49 
Pliers, 113 
Polarity, 15, 17 
Portable radio, 3 
Positively charged body, 14 
Postwar radio, 6 
Power pack, 6 
Power resistor, +5 
Power supply 


AC/DC set, 6 
AC set, 6, 49 
battery, 6 


circuit, 102, 104 
fire hazard and, 45 
operating, +8—49 
overheating of, 49 
protecting, +8 
receiver theory, 102, 104 
rectifier tube in, 21 
repairing, 63—65 
safety precautions, 49, 63 
testing, 63-65 
Power supply tester, 117 
Practical restoration, 53 
Preselector tuning, 104 
Pricemls 
Price guide, 3 
Primitive radio, 3 
Problems. See Troubleshooting; Veneer problems 
Protective goggles, 47, 93 
Proton, 14 
Putt-putt sounds, 50 


R (resistance), 14-15, 43, 63, 65 
Radio. See Antique radio 
Radio Age, 126 
Radio and Television Receiver Troubleshooting and 
Repair (Ghirardi and Johnson), 124 
Radio Craft, 124 
Radio frequency (R.F.) 
amplifier, 26, 54, 69, 71 
carrier, 24, 26 
COS 50=3 7 
rates of, 15 
receiving and, 26-27 
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section, 49 
signal generator, 84, 116 
transformer, 36—37 
transmitting and, 24 
Radio frequency signal generator, 116 
Radio News, 124 
Radio Servicing: Theory and Practice (Markus), 124 
Radio Shack store, 83, 87, 113, 114, 126 
Reactance, 17-18, 19, 21 
Receiver. See Receiver theory; specific type of 
Receiver theory 
audio amplification, 106 
automatic control volume, 106 
converter-oscillator, 104-105 
crystal receiver, 110, 112 
detector, 105-106 
intermediate frequency amplifier, 105 
power supply, 102, 104 
preselector tuning, 104 
regenerative receiver, 109-110 
superheterodyne receiver, 102 
tuned radio frequency receiver, 107, 109 
Receiving, 26-27 
Rectification, 71-72 
Rectifier tube, 21, 49, 64 
Refinisher, 93—94 
Regenerative detector, 50 
Regenerative receiver, 109-110 
Repairing antique radios. See also Restoring antique 
radios; Tools 
cabinet, 91, 93, 100 
castings, metal, 83 
choke, 72-73 
cone, 77, 80-81 
dial cord, 76-77 
electrolytic condenser, 72 
electron theory and, 14 
functional repair and, 53 
intermediate frequency amplifier, 71—72 
loudspeaker, 77, 80-81, 83 
output tube, 68-69 
paper condenser, 74—75 
postwar, 6 
power supply, 63-65 
practical restoration and, 53 
radio frequency amplifier, 69, 71 
resistor, 75 
safety precautions for, 63 
transformer, 72—73 
trimmer condenser, 74—75 
triode tube, 65-68 
tube, 75-76 
tuning condenser, 73—74 
tuning mechanism, 76—77 
volume controls, 75 
Replacement, 50, 53 
Resistance (R), 14-15, 43, 63, 65 
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Resistor. See also specific type of 
burns and, 45 
color codes, 35, 36 
examining, 35-36 
repairing, 75 
testing, 75 
troubleshooting and, 54 
Resonance, 19, 21 
Restoring antique radios. See also Repairing antique 
radios; Tools 
books about, 124 
cabinet refinishing 
plastic, 100-101 
refinisher, 93—94 
staining, 94, 96, 98 
stripper, 93, 94 
varnishing, 94, 96, 98 
veneer replacement, 98, 100 
levels of, 50, 53 
other information sources for, 124 
part sources for, 126 
reasons for, 3 
service literature for, 122, 124 
substitute testing or replacement parts for, 119 
supplies for, 119, 126 
tips for, 119, 121-122 
R.F. See Radio frequency 
Rheostats, 35, 48 
Rider manuals, 77, 124 
Rosin, dry powdered, 119 


Safest Stripper, 94 
Safety glasses, 47, 93 
Safety precautions 
burns, 45 
chassis, 44-45, 63 
cuts and abrasions, 47 
electricity, 43-45 
eye protection, 47 
fire, 45 
fumes and smoke, 47 
lightning, 87 
for playing antique radios, 28 
power supply, 49, 63 
refinisher, 93 
for repairing antique radios, 63 
stripper, 94 
Sams manuals, 77, 124 
Sanding cabinet, 94, 96 
Screen grid, 24, 68, 106 
Screwdrivers, 113 
Selenium rectifier, 65 
Series light tester, 116-117 
Service literature, 24, 54, 122, 124 
Shielding, 50, 64, 76 
Signal, 23, 26-27 
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Signal injector, 116 
Silver, 14 
Smoke, 47 
Solder, 119 
Soldering, +5, +7, 63, 121 
Soldering aids, 113 
Soldering gun, 113 
Solder joints, corroded, 56 
Solid-state set, 6 
Solvents, 91 
Speaker. See Loudspeaker 
Sputtering sound, 57 
Squealing sound, 50 
Staining cabinet, 94, 96, 98 
Station, 24+, 26-27, 49-50 
Stitch Witchery, 100 
Stripper, 93, 94 
Superheterodyne receiver 
circuit, 102 
fine-tuning, 84—85 
five-tube, 32, 102 
mass-market, 3 
midget, 32 
parts of, 26 
receiver theory, 102 
Supplies for restoring antique radios, 119, 126 
Suppressor grid, 24, 69, 71] 
Supreme Most Often Used Radio Diagrams, 124 
Switches, 40, 54, 56 
Symbols, diagram, 24 


Tape, 119 
Television and Radio Repairing (Markus), 124 
Television tuner-cleaner spray, 35, 40, 75, 119 
Testing. See also Tools, test equipment 
battery set, 48 
choke, 72-73 
for condition, 9 
electrolytic condenser, 72 
paper condenser, 74-75 
power supply, 63—65 
resistor, 75 
substitute parts for, 119 
transformer, 72—73 
trimmer condenser, 74+—75 
tube, 75-76 
tuning condenser, 73-74 
Test speaker, 121-122 
Tetrode tube, 24, 68 
Tickler winding, 110 
Tone condenser, 68 
Tone controls, 35, 75 
Tool box, 113 
Tools. See also specific types of 
basic, 113 
test equipment 
audio generator, 117, 119 
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caution on buying, 119 
condenser tester, 117 
distortion analyzer, 119 
frequency modulated generator, 119 
ground fault interrupter, 115-116 
isolation transformer, 116 
line voltage meter, 117 
loudspeaker tester, 116 
multitester, 114-115 
oscilloscope, 117 
power supply tester, 117 
tadio frequency signal generator, 116 
series light tester, 116-117 
signal injector, 116 
tube tester, 116 
using, 113-114 
Total restoration, 53 
Transformer. See also specific type of 
examining, 36 
fire hazard and, 45 
magnetism and, 15 
repairing, 72—73 
testing, 72-73 
troubleshooting and, 54 
voltage and, 36 
Transmitting, 24, 26 
T.R.F. (tuned radio frequency) receiver, 85, 
87, 107, 109 
Trimmer condenser, 19, 74-75 
Triode tube 
description of, 21, 23-24 
repairing, 65—68 
Troubleshooting 
AC/DC set and, 57-59 
AC set and, 57 
basic, 54, 56 
battery set and, 54, 57 
clock radio and, 59 
common problems and, 56—57 
condenser and, 54 
intermittent fault and, 54, 56 
loudspeaker and, 54, 59, 62 
motorboating and, 50 
output tube and, 59, 62 
putt-putt sound, 50 
rectifier tube and, 49 
resistor and, 54 
squealing sound and, 50 
switches and, 54 
transformer and, 54 
tube and, 54 
voltage and, 54 
Tube. See also specific type of 
amplification and, 23, 24 
burns and, 45 
in classical radios, 3 
cleaning, 28 
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common, 127, 130-131 

examining, 32 

fire hazard and, 45 

glow in, 48—49 

missing, 9 

practical restoration and, 53 

removing, 31 

repairing, 75—76 

testing, 75-76 

troubleshooting and, 54 

workings of, 21, 23-24 
Tube tester, 32, 75, 76, 116 


Tuned radio frequency (T.R.F.) receiver, 85, 


87, 107, 109 
Tuning condenser, 19, 32, 73-74 
Tuning mechanism, 76-77 
Tuning shaft, 32, 76 
Tweezers, 113 


Using Your Meter (Radio Shack stores), 114 
Utility knife, 113 


V. See Voltage 
Vacuum cleaner, 28, 31, 113 
Vacuum tube, 21, 66, 71, 75 
Variable condenser, 19, 32, 37 
Varnishing cabinet, 94, 96, 98 
Veneer problems, 6, 31 
Veneer replacement, 98, 100 
Ventilation, 47 
Vibration sensitivity, 56 
Voltage (V) 

amplification and, 66—67 

checking, 50, 65 

circuit and, 15 

correct, 48, 49, 64-65 

dielectric and, 19 

divider, 64 
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of electrolytic condenser, 34 

injury from, 43, 49 

ratio of, 18 

resistance and, 43 

of tetrode tube, 24 

transformer and, 36 

troubleshooting and, 54 
Volume controls 

automatic, 106 

cleaning, 35, 75 

examining, 35 

repairing, 75 

turning up, 49, 50 


WD-40 lubricant spray, 32, 119 
Wire cutters, 113 
Wires 
cabinet, 28 
on chassis, 40 
cleaning, 31 
diagrams of, 24 
directly heated cathode tube and, 21 
examining, 40 
intermittent faults and, 56 
magnetic field around, 17 
mouse damage to, 6 
removing, 32 
replacing, 9 
resistance and, 14 
Wire stripper, 113 
Wire-wound resistor, 35, 75 
Wooden cabinet 
cleaning, 90 
examining, 91, 93 
of mass-market set, 3 
of postwar radios, 6 
repairing, 91, 93 
Wood filler, 96 
Wrenches, 113 
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ANTIQUES 


With today’s sophisticated big-screen televi- 
sions, VCRs, and home video games, it’s hard to 
believe that people once spent their evenings 
huddled around an Atwater Kent, Dumont, or 
Philco radio listening to the adventures of The 
Lone Ranger, Amos ‘n’ Andy, and The Shadow. 
However, in the early 1920s, when this was the 
most popular source of home entertainment, ra- 
dio receivers sold to the tune of 1,500,000 a 
year. By 1924, radios had evolved from home- 
made crystal sets to large pieces of furniture. 
Soon every home, big or small, had a radio in 
the parlor. 


Perhaps it is because we live in a high-tech soci- 
ety that antique radios have become so popular. 
Collectors appreciate the charm, nostalgia, and 
in some cases, the memories antique radios 
bring. In the second edition of Antique Radio 
Restoration Guide, David Johnson explains how 
to make old radios light up and live again, from 
turning your receiver on to repairing and refin- 
ishing wooden and metal cabinets. Generously 


‘illustrated with black-and-white photos, dia- 


grams, and schematics, this manual will put you 
on the same wavelength as professional restor- 
ers. 


Straightforward, static-free instructions will 


guide you through choosing the best radio to re- 
store, troubleshooting and repairing the circuit- 
ry, and safety precautions when making repairs. 


. Additional information includes sources for 
parts, information on common vacuum tubes, 


and a glossary of technical terms. Even if you 
have no desire to restore radios but have always 
wondered how they work, ‘his book is for you. 


David Johnson is a former radio engineer 
who now runs an electronics business. He and 


his wife, Betty, are also antiyues dealers and the 


authors of Guide to Old Radios: Pointers, Pic- 
tures, and Prices, available from Wallace- 
Homestead Book Company. 


Wallace- Homestead Book pees 


~~ Radnor, Pennsylvania 


$14.95 
$18.95 in Canada 


ISBN 0-8&?7069-634-6L 
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